DCE M 440.1-1 [
2-19-99 Revi sion 8 (Redline Version)

PREFACE

This docunent is not the official DOE publication of DOE M 440. 1-

1. It is an updated version that includes all changes as
approved by the DOE Expl osives Safety Commttee and is intended
for Pantex use only. It provides Pantex personnel with one

reference for the latest requirenents in DOE M 440. 1-1 instead of
requiring distribution of the individual DOE ESC neeting m nutes.
It is approved for use at Pantex Plant. Any other use is not
sancti oned by Pant ex.

The chapter text is taken from DOE M 440. 1-1, Revision 8, dated
3/29/96 and the errata sheet for Revision 8 presented at the 35'"
DCE ESC Meeting. The approved changes from each sem annua
neeting of the DOE Expl osives Safety Conmittee neetings have been
added and annotated. This docunment represents the up-to-date
versi on of the DCE Expl osives Safety Manual, current as of the
dat e above.

Formatti ng has been revised. Although the text in the Chapters
Is identical to the original DCE M 440.1-1, |ess approved
changes, several formatting changes have been nade. These

I ncl ude:

pagi nati on has been set to continuous,

figures have been reproduced in an electronic format,

t abl es have been formatted consistently with [ines and

bor der s,

Tabl e of Contents has been updat ed,

Li st of Figures and Tabl es has been updat ed,

a new I ndex has been generat ed,

an endnote section has been added to identify specific

changes, and

. par agraph formatti ng has been changed to automatically
nunber paragraphs, chapters, tables, and figures.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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FOREWORD

The Departnent of Energy (DCE) policy requires that all DOE
activities be conducted in a manner that protects the safety of
the public and provides a safe and heal t hful workpl ace for

enpl oyees.

DOE has al so prescribed that all personnel be protected in any
expl osi ves operation undertaken. The level of safety provided
shall be at |east equivalent to that of the best industrial
practice. The risk of death or serious injury shall be limted
to the | owest practicable m ni nunmtevet-.

DOE and contractors shall continually review their expl osives
operations with the aimof achieving further refinenentsretHning
and i nprovenent raproving in safety practices and protective

f eat ures.

This Manual describes the Department’s explosive safety
requirements applicable to operations involving the development,
testing, handling, and processing of explosives or assemblies
containing explosives. It is intended to reflect the state-of-
the-art in explosives safety. In addition, it is essential that
applicable criteria and requirements for implementing this policy
be readily available and known to those responsible for
conducting DOE programs. this document shall be periodically
reviewed and updated to establish new requirements as
appropriate. Users are requested to submit suggestions for this
Manual through their appropriate Operations Office to the Office
of Occupational Safety.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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This Manual is dedicated in the nenory of the | ate Col onel
Phillip Kelly, a former nmenber of the DOE Expl osives Safety
commttee, for his many contributions to the explosives safety
program

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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DTA differential thermal analysis

EBW expl oding bridgew re

EDC  Expl osi ves Devel opment Conmittee

EED el ectroexpl osi ve device

EOD  expl osives ordnance di sposa

FMECA Failure Mdes, Effects, and Criticality Analysis
HAZOP Hazard and Operability Study

HE hi gh expl osi ve

HWX  cycl otetranet hyl ene tetranitram ne

IHE insensitive high explosive
LEL | ower explosive limt
LFL | ower flammable limt

MCE  maxi mum credi bl e event

MSDS WMaterial Safety Data Sheets

NEC National Electric Code

NEW net expl osive wei ght

NEQ net explosive quantity

NFPA National Fire Protection Association
OSHA Cccupational Safety and Health Adm nistration
PBX plastic bonded expl osive

PEL perm ssi bl e exposure limt

PETN pentaerythritol tetranitrate

RDX cyclotrinmethylene trinitram ne

SOP  standard operating procedure

SPMS Safety Performance Measurenent System
SSR Safe Secure Rail car

SST Saf e Secure Trail er

TATB triamno trinitrobenzene

ACRONYMS (Conti nued)

TMAC Toxic Materials Advisory Commttee
TNT  trinitrotol uene

UL Underwiters Laboratory

UNO United Nations O ganization
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CHAPTER |
| NTRODUCT1 ON

1.0 SCOPE, PURPCSE, AND JUSTI FI CATI ON

This Manual prescribes the Departnent of Energy (DOE) safety

st andards and procedures used to inplenent the DOE safety policy
contained in DOE O 440.1, WORKER PROTECTI ON MANAGEMENT FOR DCE
FEDERAL AND CONTRACTOR EMPLOYEES, of 9-30-95, for operations

i nvol vi ng expl osi ves, pyrotechnics, and propellants, or
assenblies containing these materials. Wth the exception of on-
site expl osives storage and transportation, this Manual does not
apply to conmmercial activities such as routine construction or
routine tunnel blasting.

Expl osi ves handling and processi ng operations by the DOE are an
integral part of DOE weapons and weapons-rel ated devel opnent
manuf acturing and di smantl enent activities. Safety in al
operations associ ated with weapons devel opnent is an ongoi ng,
prime concern and nust continually be given high priority in al
program direction and managenent. This Manual provides uniform
gui dance for all DCE facilities and installations involved in
expl osives handling or processing. DOE will update the Manual
periodically to incorporate | essons | earned, new technol ogy, and
suggestions for inprovenents. The Assistant Secretary for
Environment, Safety and Health (EH 1) is responsible for this

t ask.

Mai nt ai ni ng expl osives safety in all operations within DCE is an
ongoi ng process that, to be truly effective, nmust be given high
priority in all programdirection, managenent, and |ine
activities. Due to the unique nature of DOE's highly active role
I n research and devel opnent in new expl osives fornul ati ons,
expl osi ves synthesis, charge geonetry, and expl osives assenblies,
as well as the proximty of explosives to weapon conponents, it
is necessary to maintain the | evel of explosives safety standards
commensurate with the risks.

Thi s Manual closes the considerable safety gap created by DOE s
uni que activities by establishing safety controls not found in
exi sting DOE or non-DCE regul ations to govern the DOE expl osives
saf ety process and ensure that expl osives safety is comensurate
with the actual risk. However, Departnent of Defense (DoD)
Cccupational Safety and Health Adm nistration (OSHA), and ot her
nationally recogni zed standards, such as the National Fire
Protectlon ASSOC|at|on (NFPA) codes prOV|de t he basic franmework

. Specific
reqU|renents fr0n1these docunents are appllcable and pertinent as
determ ned by the "Authority Having Jurisdiction” Si nce the

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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conception of the first DOE Expl osives Safety Manual in 1978, and
the formation of the expert DCE Expl osives Safety Coormittee, no
expl osives-rel ated fatalities have occurred in DCE and expl osives
safety practices have significantly inproved. Continued

mai nt enance of this Manual, conbined with field adherence, wll
mai ntain the high | evel of explosives safety evidenced w thin DOE
over the past two decades.

2.0 APPLICABILITY

This Manual applies to all DCE facilities engaged in devel opi ng,
manuf act uri ng, handling, storing, transporting, processing, or
testing expl osives, pyrotechnics and propellants, or assenblies
containing these materials, and to the safe nanagement of safety
franaging such operations. Wth the exception of expl osives
storage and transportation, this Manual does not apply to
commercial activities such as routine construction or routine
tunnel bl asti ng.

The design of all new explosives facilities shall conformto the
requi rements established in this Manual and inpl enented—
POE—O430—1—HHECYCLE-ASSE—MANAGEMENT,—of—8-24-95,—06r— DCE O
420.1, FACILITY SAFETY, of 9-30-95;—whichever—+s—apptecabte. It
is not intended that exi sting physical facilities be changed
arbitrarily to conply with these provisions, except as required
by law. Existing facilities that do not conply wth these
standards may continue to be used for the bal ance of their
functional lives, as long as the current operation presents no
significantly greater risk than that assuned when the facility
was originally designed, and it can be denonstrated clearly that
a nodification to bring the facility into conpliance is not
feasible. However, in the case of a major renovation, the
facility nmust be brought into conpliance with current standards.

The requirenents are presented as either mandatory or advisory.
Mandat ory requirenments, denoted by the words "shall,” "nust," or
"will," nmust be followed unless an exenption is granted by
facility managenent BOGE. Advi sory requi renents denoted by the
wor-ds—"shoul d* or "may," may be deviated fromwith a witten

wai ver granted by facility managenent.

3.0 EXEMPTI ONS

An exenption is a witten rel ease froma nmandatory

requi rement standard of this Manual that has been granted, as
applicable, by the DCE Assistant Secretary for Environnent,
Safety and Health (EH 1) or by the Operations O fice Manager.

The DOE Operations Ofice Manager is pernmitted to grant
exenptions fromthe mandatory requirenents of this Manua

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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provi ded conpliance is not feasible, and the facility operator
has denonstrated that the conditions, practices, neans, nethods,
or processes to be used will not decrease the |evel of safety.
Requests for exenptions shall be submtted to the DOE QOperations
O fice Manager for action. Each such request shall contain the
foll owi ng informtion:

. description of the condition;

. safety requirenent necessitating deviation;

. reason why conpliance cannot be achi eved,

. steps taken to provide protection;

. statenment of whet her equivalent safety is provided and, if
not, assessnent of the residual risk;

. any proposed corrective action and schedul e; and

. duration of the exenption.

The DCE Director, Ofice of Wrker Safety and Heal t hFeld—Suppoert
(EH-5EH53), shall be notified and sent copies of all exenptions
gr ant ed.

The DCE Operations O fice Manager shall submt to the DOE Ofice
of Defense Prograns all requests for exenptions froma nandatory
requi rement for which equivalent protection of operating
personnel, the public, and property cannot be achieved. After
review of the request for exenption, the DOE Director, Ofice of
Def ense Progranms, shall recommend to EH 1 whether to grant
approval of the exenption. EH1 is responsible for final

determ nation to grant or disapprove the exenption, and for
notification to the DOE Operations O fice Manager. The DOE
Operations Ofice Manager nay grant a tenporary exenption for the
period of tine an exenption request is being processed at DOE
Headquarters.

4.0 WAIVERS

If an activity, operation, or process is determined not to be in
conpliance with the Manual’s advi sory requirenent sgutdance, but
the activity, operation, or process is determned to be safe and
necessary, facility managenent may grant witten approval for an
alternate solution. Waivers will be granted for the mnimumtine
necessary; those of an ongoing nature shall be updated every
three 3 years. Facility managenent shall maintain a central file
of active waivers and provide a copy of each waiver to the |oca

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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DCE contracting officer. Each waiver shall contain, as a
mnimum the follow ng information:

description of the condition;

saf ety standardgui dance requiring alternate sol ution
reason why conpliance is not achieved;

steps taken to provide alternate protection;

any proposed corrective actions and schedul e; and
wai ver duration or expiration date.

5.0 MANUAL ADM NI STRATI ON AND MANAGEMENT

Thi s Manual shall be kept current. The Ofice of Environnent,
Safety and Health shall ensure that a current version of this
Manual is maintained by the DOE Directives On-Line Explorer
systemon the Internet (the Expl orer web-page address is
http://ww. expl orer. doe. gov).

The DOE Expl osives Safety Commttee, through the Ofice of Worker
Saf ety and Heal t hFetd—Suppert (EH53), shall adm nister and
manage thi s Manual .

5.1 DCE Explosives Safety Commttee Organi zation

The DOE Expl osives Safety Conmittee is conposed of a nenber from
each of the follow ng:

. DOE O fice of Fretd—SuppoertWrker Safety and Health (EH 53);

. DOE OFfice of MIitar licati on and Stockpil e Support
(DP-24) y App p pPp

. DCE Operations Ofice, Al buquerque;
. DOE Qperations Ofice, Qakl and,

. DCE Operations O fice, Nevada;

. DCE Kirtland Area Ofice;

. DOE Operations Ofice, |daho;

. Los Al anbs National Laboratory;

. Law ence Livernore National Laboratory;

. Pantex Pl ant, Mason & Hanger Cor porati on=Sttas
Mason—Co——tne—;

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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. Kansas City Plant, Allied-Signal; Inc.

. | daho Nati onal Engi neering Laboratory, LITCO

Cor por at i on BEE—©Sperattons
pot-ati+on; and

. Sandi a Nati onal Laboratories.

The committee shall be chaired by the DOE Ofice of Wrker Safety
and Heal t hFretd—Suppert (EH 53) Representative and will report
directly to the DOE Director, Ofice of Wrker Safety and

Heal t hFretd—Support-.
5.2 DCE Expl osives Safety Conmm ttee Functions

The DCE Expl osives Safety Conmittee shall performthe follow ng
functions: —

. Revi ew, eval uate, and act under authority del egated fromthe
DCE Director, Ofice of Wrker Safety and Heal t hFetd
Support, on proposed changes or revisions to this Mnual.

. Eval uate and respond to requests for interpretations of the
Manual .
. Meet periodically, as appropriate, to review and eval uate

Manual adequacy and existing exenptions, and to initiate
Manual changes as needed.

The DCE Expl osive Safety Commttee (at the |local level its
I ndi vi dual voting nenbers) is (are) the "Authority Having
Jurisdiction" for DOE expl osives safety nmatters.

6.0 DEFI N TI ONS
For purposes of this Manual, the followi ng terns are defi ned.

APPROVED. Conplying with the provision(s) of this Manual and
With instructions and details issued by the authority having
jurisdiction or with those of other approving agencies specified
her ei n.

ARM A general termthat inplies the energizing of electronic
and electrical circuitry, which in turn controls power sources or
ot her conponents used to initiate explosives. The arm ng
operation conpletes all steps preparatory to electrica
initiation of explosives except the actual fire signal.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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BARRI CADE. An intervening approved barrier, natural or
artificial, of such type, size, and construction as to limt in a
prescri bed manner the effect of an expl osion on nearby buil di ngs
or personnel.

BAY. A location (room cubicle, cell, work area, etc.)
containing a single type of explosives activity, which affords
the required protection specified for appropriate hazard
classification of the activity invol ved.

BLENDI NG.  The mixing of solid materials (usually dry) by gravity
flow, usually induced by vessel rotation.

BONDED. The joining of netallic parts to forman electrically
conductive path that will ensure electrical continuity and the
capacity to conduct safely any current likely to be inposed.

BOOSTER—{oer—boostering). Explosives used in an explosive train
to anplify the shock output of the initiating device and cause
detonation of the main expl osive charge.

CASUAL. A person other than an operator who intermttently
visits an explosives operation for the purpose of supervision,
I nspection, mai ntenance, etc.

COVBUSTI BLE MATERIAL. Any material that, when ignited, wll
sust ai n burning.

COVPATI BI LI TY. The chem cal property of materials to coexi st

W t hout adverse reaction for an acceptable period of tine.
Conpatibility in storage exists when storing materials together
does not increase the probability of an accident or, for a given
guantity, the magnitude of the effects of such an accident.
Storage conpatibility groups are assigned to provide for
segregat ed storage.

CONCURRENT OPERATI ONS. (Qperations performed simultaneously and
in close enough proximty that an incident with one operation
coul d adversely influence the other

CONTACT OPERATI ONS. An operation in which an operator and an
expl osive itemare both present with no operational shield.

CONTROL PO NT. The location used for personnel control and
operation coordination in an expl osives operating or test area.

CORI NG A machining operation that renoves material in the form
of a cylinder by cutting at the circunference to create a hole or
recover the material fromthe center of the cut.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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CRI TI CAL TEMPERATURE. Tenperature above which the self-heating
of an expl osive causes a runaway reaction. It is dependent on
mass, geometry, and thermal boundary conditions.

DANGER ZONE. That area around a test site where personnel could
be in physical jeopardy due to overpressure, fragnents, or
firebrands rel eased during an expl osive test.

DEFLAGRATI ON. A rapid chem cal reaction in which the output of
heat is sufficient to enable the reaction to proceed and be
accel erated without input of heat from another source.

Defl agration is a surface phenonenon with the reaction products
flowing away fromthe unreacted material along the surface at
subsonic velocity. The effect of a true deflagration under
confinenent is an explosion. Confinement of the reaction

I ncreases pressure, rate of reaction, and tenperature and may
cause transition into a detonation.

DETONATI ON. A violent chenical reaction within a chenica
conpound or nechani cal m xture evol vi ngtavelving heat and
pressure. A detonation is a reaction that proceeds through the
reacted material toward the unreacted material at a supersonic
velocity. The result of the chemi cal reaction is exertion of
extrenely high pressure on the surrounding nedium formng a
propagati ng shock wave that is originally of supersonic velocity.
When the material is |ocated on or near the surface of the
ground, a detonation is normally characterized by a crater.

DI FFERENTI AL SCANNI NG CALORI METRY (DSC) . A technique in which
the difference in energy inputs into a substance and a reference
material is neasured as a function of tenperature or tine while
the substance and the reference material are subjected to a
controll ed tenperature program or are held isothermally. The
record is the DSC curve. The energy input is substituted for DT
and is plotted in the sane manner as a nornal DTA curve.

DI FFERENTI AL THERMAL ANALYSI'S (DTA). A technique in which the
tenperature difference between a substance and a reference
material is neasured as a function of tenperature while the
substance and the reference material are subjected to a
controlled tenperature program The record is the differenti al
t hermal anal ysis or DTA curve.

DRYI NG  The renoval of volatiles fromingredients or m xtures.
DSC. See DI FFERENTI AL SCANNI NG CALORI METRY
DTA. See DI FFERENTI AL THERVAL ANALYSI S.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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EBW See EXPLODI NG BRI DGEW RE.
EED. See ELECTROEXPLGOSI VE DEVI CE.

ELECTRI CAL BO\DI NG. El ectrical connection between two conductive
objects intended to prevent devel opnent of an el ectrical
potenti al between them

ELECTROEXPLCSI VE DEVICE (EED). An EED is aA device contai ning
sonme reaction m xture (explosive or pyrotechnic) that is
electrically initiated. The output of the initiation is heat,
shock, or mechanical action. See also LOWENERGY EED.

EXPERI NENTAL OPERATI NG PROCEDURE. A procedure prepared for
conducting a specific experinent a limted nunber of times under
cl ose technical supervision.

EXPLODI NG BRIDGEWRE (EBW . An EED that is initiated by the

di scharge of a high current through the device bridgewre,
causing the wire to expl ode and produce a shockwave. An EBW as
defined herein is a device containing no primary expl osive.

EXPLOSI VE.  Any chem cal compound or nechanical mxture which is
designed to function as an expl osive, or chem cal conpound which
functions through self-reaction as an expl osive, and whi ch that,
when subjected to heat, inpact, friction, shock, or other
suitable initiation stinulus, undergoes a very rapid chem ca
change with the evolution of |arge volunmes of highly heated gases
that exert pressures in the surrounding nmedium The term applies
to materials that either detonate or deflagrate. DOE expl osives
may be dyed various colors, except pink, which is reserved for

nock expl osi veexptostves.

EXPLOSI VE DECONTAM NATI ON.  The renoval of hazardous expl osive
mat eri al .

EXTRUDI NG. Forcing a plastic-type material, under pressure, into
a confined space or through a confined opening to produce a
desired configuration.

FACI LI TY. A group of buildings or equi pment used for expl osive
operations at one geographic |ocation, generally owned by DCE.

FACI LI TY MANAGEMENT. Managenent staff of the facility operator
(the contractor).

FACI LI TY OPERATOR. The organi zati on having
responsi bi | ityresponstblte for conducting operations at a DCE
facility.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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FI REBRAND. A projected burning or hot fragment whose thernal
energy is transferred to a receptor.

FI RING PAD. The prepared site where explosive itens are fired
for test data acquisition.

FIRING SITE. Controlled access area where test firing of
expl osives i s conduct ed.

FLAMVABLE LI QUID. Any liquid having a flash point bel ow 60 °C and
a vapor pressure not exceeding 280 kPa (41 psia) at 37.8°C. This
Is the definition as applied in this nanual Martat; it includes
some materials defined as conmbustible Iiquids by the Departnent

of Transportation (DOT).

FLASH PO NT. The tenperature at which a liquid or volatile solid
gives off a vapor sufficient to forman ignitable m xture with
air near the surface of the material or within the test vessel

FORMULATI ON. (1) The operation of combining ingredients to
produce a mxture of a final desired conposition possessing
speci fic physical and expl osive properties. (2) An expl osives
conposi tion.

GROUNDED. Connected to earth or to sone conducting body that
serves in place of the earth.

HEATI NG LIMTS. The conditions established for safely heating an
expl osi ve system (nmaxi num tenperature, heating time, heating
rate, etc.). These limts are based on the estimated critical
tenperature of the explosive systemw th a suitable margin of
safety.

H GH ENERGY | NI TI ATOR. Expl odi ng bridge—w—+ebri dgewi re systens,
sl apper detonators, and EEDs with simlar energy requirenments for
initiation.

H GH PRESSURE. Gas pressure greater than 3,000 psig (21 MPa
gauge); liquid pressure greater than 5,000 —psig (35 MPaMa

gauge) .

HOLE (as applied to machi ne explosives). Any cavity that is nore
t han one-hal f di aneter deep, being cut by any tool with the
direction of feed along the axis of rotation.

HOT WORK (thernal). Any operation requiring the use of a flane-
produci ng device, an electrically heated tool producing a
tenperature higher than 109°C, or a nechanical tool that can

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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produce sparks or heat expl osives or explosives contam nation to
provide an initiation stimulus.

HYDROSTATI C PRESSI NG. The operation of conmpacting a nateria
that is confined in a press by a diaphragm by hydraulically
appl ying pressure to the diaphragm

I HE. See | NSENSI TI VE H GH EXPLGOSI VES.

| HE SUBASSEMBLI ES. | HE hem spheres or spheres with booster
charges, with or without detonators, that pass the DOE
qualification tests listed in Table | X-3.

| HE VEAPONS. Weapons listed in DOE-DNA TP 20-7, Nucl ear Safety
Criteria (for Warhead Storage), as being exenpt from storage and
transportation limts are classified as | HE weapons when st ored
or transported alone or in conbination with each other. This
classification is valid only if the spacing between individual
units is that provided by storage/shipping containers or, if not
in containers, by the spacing specified in TP 20-7.

| NERT MATERI ALS. Materi al sMater+al- that shows no exothermc
deconposi ti on when tested by DSC or DTA. Moreover, the inert

mat erial shall not show any inconpatibility with energetic
material with which it may be conbi ned when tested by recogni zed
conpatibility tests. Inert material shall neither alter the
onset of exotherm of the DSC or DTA trace of the energetic

mat erial nor increase the rate of deconposition or gas evol ution
of the energetic materi al

| N- PROCESS STORAGE MAGAZI NE (facility, vault, rest house, etc.) .
See SERVI CE MAGAZI NE

| NHABI TED BUI LDI NG. A building or structure other than operating
bui | di ngs, magazi nes, and auxiliary buil dings occupied in whole
or in part as a habitation for people or where people are
accustoned to assenble, both wthin and outside DCE facilities.
Land outside DOE facilities shall be considered as sites for

I nhabi ted bui | di ngs.

| NHABI TED BUI LDI NGHNHABHFEB-—BUHEDI-NG DI STANCE.  The mi ni mum
di stance perm tted between expl osives |ocations and inhabited
bui | di ngs, administrative areas, site boundaries, main power
stations, and other facilities of vital or strategic nature.

I NI TI ATI ON STI MULUS. Energy input to an explosive in a form
potentially capable oref- initiating a rapid deconposition
reaction. Typical initiation stimuli are heat, friction, inpact,
el ectrical discharge, and shock

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98
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INITIATION, WTH ITS OWW MEANS. Expl osives or anmunition having
their normal initiating device (e.g., detonators, squibs)
assenbled to themso that this device is considered to present a
significant risk of activation during storage.

I NI TI ATION, WTHOUT | TS OW MEANS. Expl osives or amunition that
(1) are not stored with an initiating device assenbled to them
or (2) have the initiating device assenbled to them but

(a) safety features preclude initiation of the explosives filler
of the end itemin the event of accidental functioning of the
initiating device, or (b) the initiating device does not contain
any primary explosives and has a high threshold of initiation
(e.g., EBWor Sl apperstapper detonators). The power source for
the initiator(s) should not be present within the assenbly or
system If the initiator(s) power source is present, two or nore
managenent-certified safety devices connected in series shall be
present to interrupt any flow of energy fromthe power source to
the initiator(s).

I NSENSI TI VE HI GH EXPLCSI VES (I HE) . Expl osi ve subst ances

whi chthat, al though nmass detonating, are so insensitive that
there is negligible probability of accidental initiation or
transition fromburning to detonation. The materials passing the
DOE qualification tests in Table I X-1 are classified as | HE, and
are listed in Table | X-2.

| NTERVEDI ATE PRESSURE. (Gas pressure from 150 to 3,000 psig (1
to —21 —MPa gauge); liquid pressure from1,500 to 5,000 psig
(10 to 35 MPa gauge).

I NTRALI NE DI STANCE. The m ni mum di stance pernittedto—be
fratnt-atned bet ween any two operating buildings or sites within an
operating line, at |east one of which contains, or is designed to
contain, explosives.

I NTRI NSI CALLY SAFE. An apparatus or system whose circuits are
i ncapabl e of producing any spark or thermal effect capabl e of
causing ignition of a mxture of flammuable or conbustible
materi al under test conditions described in ANSI/UL 913.

| SOSTATI C PRESSI NG. The operation of conmpacting a material in a
seal ed flexible container. The container is subnerged in a
pressure vessel, and the vessel is pressurized with |iquid.

LABORATORY OPERATI ONS. Experinmental study, testing, and analysis
of small quantities of energetic materials. Manufacturing
processes wWith small quantities of materials are not included.

LEL. See LONER EXPLOSIVE LIMT.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98
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LFL. See LONER FLAMMABLE LIMT.

LOW ENERGY EED. Al EEDs except exploding bridgew re (EBW
detonat ors and sl apper detonators.

LOW PRESSURE. (Gas |ess than 150 psig (1 MPa gauge); liquid |ess
than 1,500 psig (10 MPa gauge).

LOVER EXPLCSI VE LIM T (LEL). The concentration of vapor or dust
in air below which an expl osi on cannot occur.

LOVER FLAMVABLE LIMT (LFL). The concentration of a vapor or
dust in air bel ow which a burning reaction cannot be sust ai ned.

MACHI NIl NG. A form ng operation acconplished by renoving nmateri al
with a nmechanically operated cutting tool.

MACHI Nl NG OVERTEST. A test to evaluate the susceptibility of an
expl osive material to initiation during machining.

MAGAZI NE. See SERVI CE MAGAZI NE or STORAGE MAGAZI NE.

MAGAZI NE DI STANCE. The m ni mum di stance pernmitted between any
two storage nmgazi nes. The distance required is determ ned by
the type(s) of nagazine and al so the type and quantity of

expl osi ves stored therein.

MAXI MUM CREDI BLE EVENT (MCE). The MCE from a hypot hesi zed
accidental explosion or fire is the worst single event that is
likely to occur froma given quantity and di sposition of

expl osi ves/ expl osi ves devices. The event nust be realistic with
a reasonabl e probability of occurrence considering the explosive
propagation, burning rate characteristics, and physical
protection givegrven to the itens invol ved.

MELTI NG Qperations involving change in the physical state of
expl osives fromsolid to |iquid.

MLLING (1) Operations that either reduce solid materi al
particle sizedstze by attrition or apply high shear htgh=

m xing to incorporate solid materials into plastic binders; (2) a
surface machi ning operation performed on a mill.

M XI NG A nechani cal operation that conbines dissinmlar
mat eri al s.

MOCK EXPLOSI VE.  Substances bearing simlar physical properties
(texture, density, cohesion, etc.) to an explosive material.
They are nondetonabl e; however ;- sonme are exothermic nmaterials and
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will burn. Mck explosives are used to represent expl osives for
pur poses such as dry run testing of equi pnent. DOE nock
expl osives are normally pink in color.

NEW Net expl osive wei ght expressed in pounds.
NEW ( OR EXPERI MENTAL) EXPLCOSI VESEXPEESHYE. Expl osi ve, expl osive

m xture, or explosive and binder m xture that has not been
characterized by the Expl osives Devel opnent Conmittee.

NON- DOE FACI LI TY PERSONNEL. Personnel of a contractor who does
not have a continuing contract with DCE at the facility
concer ned.

OPERATI ONAL SHI ELD. A barricade constructed to protect
personnel, material, or equipnent fromthe effects of a possible
fire or explosion occurring at a particul ar operation.

PERSONNEL BARRI ER. A device designed to limt or prevent
per sonnel access to a building or an area during hazardous
oper ati ons.

PRESSI NG. The operation of increasing the density of explosive
material by the application of pressure.

PROPELLANT. Expl osive conposition used for propelling
projectiles and rockets and to generate gases for powering
auxi |l iary devices.

PUBLI C TRAFFI C ROUTEPUBEI-G—TRAFFI-CG—ROUTE DI STANCE. The mi ni mum
di stance permtted from aar explosives facility to any public
street, road, highway, or passenger railroad (including roads on
DCE-control l ed | and open to public travel or navigable waterway).

PUNCH AND DI E PRESSI NG. The operation of conpacting a nmateri al
confined by a die by forcing a punch or punches into the die and
agai nst the materi al .

PYROTECHNI C MATERI AL. Physical mxtures of finely divided fuels
and oxi di zer powders; may include various organic binders and
color intensifiers. The material is intended to produce an
effect by heat, |ight, sound, gas or snoke, or a conbination of
these as the result of nondetonative, self-sustaining exothermc
chem cal reactions.

REMOTE OPERATI ON. An operation perfornmed in a manner that wll
protect personnel in the event of an accidental explosion. This
can be acconplished by distance, shielding, barricades, or a
conbi nati on thereof.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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RI SK. A measure of the conbination of the probability and
consequences of the hazards of an operation, expressed in
gualitative or quantitative termns.

SAFETY ANALYSIS. A docunent prepared to systematically identify
the hazards of a DOE operation; describe and anal yze the adequacy
of neasures taken to elimnate, control, or mtigate identified
hazards; and anal yze and eval uate potential accidents and their
associ ated ri sks.

SCREENI NG. An operation using screens to separate particles of
differing sizes.

SERVI CE MAGAZI NE, REST HOUSE, ETC. An auxiliary building or
sui t abl estuttabty designated room (vault) used for the

I nternedi ate storage of explosives materials not exceeding the
m ni mum anmount necessary for safe and efficient operation.

SHUNT. An electrical interconnection of various portions of EED
circuitry to prevent the devel opnent of an electrical charge
differential between the parts.

SLAPPER DETONATOR. An EED initiated by a rapid discharge of a
hi gh current through a netal foil. The expansion of the neta
vapor causes a plastic or metal covering to be propelled across
an air gap and detonate a high-density expl osive pellet.

SMALL ARMS AMVUNI TI ON. (1) Ammrunition designed to be fired from
a pistol, revolver, rifle, or shotgun held by the hand or to the
shoul der; (2) ammunition of caliber less than 20 mMm26-mm—ecattber
with incendiary, solid, inert, or enpty projectiles (with or

W t hout tracers) designed to be fired from nmachi ne guns or
cannons; (3) blank cartridges.

SOP. See STANDARD ( STANDI NG) OPERATI NG PROCEDURE.

SPECI AL OPERATI NG PROCEDURE. A procedure prepared for the
performance of a specific task on a one-tine basis, or for
situations not encountered in nornmal operation.

STANDARD ( STANDI NG) OPERATI NG PROCEDURE (SOP) . A procedure
prepared for the—operation of a facility or performance of a task
on a routine basis.

STORAGE MAGAZI NE. A structure designed or specifically
designated for the | ong-term storage of explosives or amunition.
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SUBSTANTI AL DI VIDING WALL. An interior wall designed to prevent
t he propagation of an acci dental detonation on one side of a wall
to expl osives on the other side.

SYNTHESI S. The chem cal operation(s) required to produce a
desired chem cal conpound.

TARGET. The area, structure, or material into which a projectile
is fired.

TNT EQUI VALENT. A neasure of the blast effects from expl osi on of
a given quantity of material expressed in terns of the weight of
TNT that woul d produce the sane bl ast effects when detonat ed.

TRANSI ENT. Any person within inhabited buil di nginhabited=
buit+ding di stance but not inside an expl osives bay or other
occupi ed areas (offices, break areas, shops, etc.).

UNEXPLODED ORDNANCE (UXQ). Expl osive ordnance which has been
primed, fuzed, armed, or otherw se prepared for action, and which
has been fired, dropped, |aunched, projected, or placed in such a
manner as to constitute a hazard to operations, installations,
personnel, or material and remains unexpl oded either by

mal functi on or design or for any other cause.

UNI TED NATI ONS ORGANI ZATI ON (UNO) CLASS 1 EXPLCSI VES.

(a) Expl osive substances (a substance that is not itself an

expl osive but that can form an expl osive atnosphere of gas,
vapor, or dust is not included in Cass 1), except those that are
t oo dangerous to transport or those where t he predom nant hazard
is appropriate to another class; (b) Explosiveexptosive
articles, except devices containing explosive substances in such
guantity or of such a character that their inadvertent or
accidental ignition or initiation during transport shall not
cause any effect external to the device either by projection,
fire, snoke, heat, or |oud noise; and (c) —Substancesstbstances
and articles not nentioned under (a) and (b) that are

manuf actured with a view of producing a practical, explosive or
pyrot echni c effect.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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CHAPTER |
OPERATI ONAL SAFETY

1.0 GENERAL OPERATI ONS SAFETY GUI DELI NES

1.1 Protection of Expl osives

Expl osives are energetic materials that can react violently.
Expl osi ves shoul d be protected from abnormal stinuli or
envi ronnents, including:

friction forces;

excessi ve pressures;

excessi ve tenperatures;

I mpact, shock, pinching;

def ormati on;

el ectrical sparks, abrasive or welding sparks, open flaneg;
contam nation; and

contact with inconpatible materi al s.

1.2 Equi pnent Checks

Bef ore being used in the expl osives process, and at established
intervals, processing and test equi pnent shall be checked for:

. proper design;

. proper function;

. speci fi ed cl earances between parts in relative notion;

. abnormal netal -to-netal rubbing of noving parts potentially
contacting explosive material s;

. cracks, voids, or screw threads where expl osives may
accunul ate; and

. contam nation that is incopatible wththe materials to be
I ntroduced. eontam-nati-on—inconpatibte w re—ratert+at—s

be—ntrotduced—

This checkout may require the use of nock expl osives in process
or test conditions. Explosive materials nust not be pinched or
confi ned between equi pment |lids or covers and their mating
surfaces. These surfaces shall be cl eaned before cover

pl acenent. This includes pressing operations.

1.3 I nspection Frequency

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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When this Manual calls for an inspection, but the inspection
interval is not specified, such inspection interval shall be
established by local facility management. |Inspection intervals

shal | be nodi fi edestabtished—byt+ocal—Factti+tyrmanagerrent- when

experience dictates a need.

1.4 Laboratory Operations

The special safety guidelines applicable to general |aboratory
operations involving explosive materials are contained in
Section 21 of this chapter.

1.5 Toxicity Hazards

Expl osi ves materials, explosives conponents (additives or
adhesives), and nmaterials such as organic solvents used in
expl osi ves processing can be toxic when inhaled, ingested; or
absorbed through the skin. Skin contact w th expl osives
materials, or with solvents and adhesives used in conjunction
W th expl osives operations, can result in a skin rash. This is
the nost frequently reported effect fromworking with these
materials. The follow ng general precautions should be used to
prevent overexposure to these materials during expl osives
processi ng and handling: —

a. Know t he heal th hazard and controls before beginning
oper ati ons.

b. Eval uate the operation during startup to assureenstre that
occupational exposure limts are not exceeded; routine
operations should be nonitored periodically.

C. Handle in a well ventilated area; |ocal exhaust ventilation
Is preferred.

d. Avoi d skin contact; wear appropriate protective clothing.

e. Practice good personal cleanliness; wash before eating,

snoking, or using toilet facilities—=End; end-of-shift
showers may be required for sone operators.

1.6 Hazard ldentification and Comuni cati on

Bef ore begi nni ng expl osi ves operati ons, managers shall ensure the
foll ow ng:

a. Identify and maintain a current |ist of explosives and ot her
hazardous nmaterials used in conjunction with their
oper ati ons.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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b. Det erm ne the hazardous properties and toxicity of these
materials through the use of the manufacturer’s Materi al
Saf ety Data Sheets (MSDS) or other information sources and
t hrough consultation with the facility Industrial Hygi ene
staff. For explosives w thout published toxicological data,
gui dance can be obtained through the DOE Toxic Materials
Advi sory Commttee (TMAC). Health hazard information nust
be conmmuni cated to enpl oyees who work with or generate
hazardous materi al s.

C. Educate and train enpl oyees in the hazards ef—and
precautions required for handling explosives and naterials
used in conjunction with explosives operations. This
training should be a part of the enployee training and
qgual i fi cation program specified in Chapter V.

1.7 Process Hazard Anal ysi s

a. Bef ore begi nni ng any expl osives synthesis, formulation,
manuf acturing, testing, or disposal operation, a process
hazard anal ysis shall be perfornmed, as required by
29 CFR 1910.119. A single process hazard anal ysis may be
perfornmed for simlar processes performed in a single
facility, provided that the "worst-case" process is the
basis for the hazard analysis. Selection criteria for the
Wor st - case process are:

. sensitivity of materials;
. guantity of materials;
. nunber of personnel potentially affected; and
. i mpact on ot her operations/activities.
b. The process hazard anal ysis shall be perforned as a team

effort. The teamshall consist of a mninmumof three
personnel and shoul d not include nore than seven personnel .
The team shall include at |east one engi neer and one
operator, and should have the foll ow ng makeup.

. Team Leader, who is famliar with the anal ysis
nmet hodol ogy used;

. Techni cal Menber(s), who is/are famliar with the
process being anal yzed; and

. Scribe, who wites notes of neetings and interviews and
drafts reports.

C. The anal ysi s net hodol ogy used nay be sel ected by either the
facility manager or the team | eader, but should be one of
the foll ow ng:
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. Prelimnary Hazard Anal ysis;

. Checklist (usually for simlar batch operations);
. What -i f Anal ysi s;

. Hazard and Operability Study (HAZOP);

. Failure Modes, Effects, and Criticality Analysis

( FMECA) ;
. Fault Tree Analysis; and
. Event Tree Anal ysis.
d. The process hazard analysis shall be formally docunented.
e. Enpl oyees and enpl oyee representatives shall be consulted on

the process hazard analysis. The result of the process
hazard anal ysis shall be provided to enpl oyees involved in
or affected by the operation.

f. The process hazard anal ysis shall be updated and reval i dat ed
at |l east every 5 years by a team neeting the above criteria.

g. The facility manager shall be responsible for establishing a
systemto address pronptly the teanmi s findings and
recommendati ons. Corrective actions, schedul es for
corrective actions, and conpletion of corrective actions
shall be formally docunented, and such docunentation filed
with the process hazard anal ysis.

h. Fil es contai ning process hazard anal yses, updates, and
corrective action statuses shall be maintained for the life
of the process.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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2.0 WORK ENVI RONMVENT

2.1 General Requirenents

a. Adequat e work space shall be provided to perform operations
safely and efficiently.

b. Work shall be organized to elimnate clutter in the area
whi | e operations are being perforned.

C. Wal kways shoul d be kept clear.

d. In work environnments where solid, bare explosive pieces are

handl ed, the floor should be cushioned, and all hard objects

that may be struck by explosives in a handling incident
shoul d be cushi oned where it is practical.

e. An accounting procedure shoul d be established for hand tools

that may be inadvertently dropped into an expl osives
processi ng operation, thus creating a hazard.

f. Per sonnel shall be assigned in such a manner that each

wor ker’s presence is frequently nonitored and assi stance can

be provided or aid sunmoned in the event of an emergency.

g. Safety anal ysis of explosives facilities shall be perforned.
The safety analysis shall be perforned during the design of
new expl osives facilities or the redesign of existing
facilities. Facility managenent shall maintain readily
avai | abl e anal yses docunentati on.

h. Noi sy environnents caused by expl osives testing operations

or process and handling equl pnent shall be evaluated. Areas

W th noi se above the all owabl e occupational exposure limts
must be posted and appropriate control neasures instituted
(e.qg., engineering controls, protective equi pnent, and a
heari ng conservation program.

2.2 Energency Exit Requirenents for Expl osives Operations

Exit requirenents for any building or structure containing
expl osives shall conply with the Life Safety Code, NFPA 101,
except as otherwise permtted in this section.

2.2.1 Bui | di ng or Structure Cccupancy

In determ ni ng occupanci es:

a. expl osi ves operating buildings shall be classified as
i ndustrial occupancies (NFPA 101, Chapter 28);

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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b. expl osi ves storage or staging buildings or structures shall
be classified as storage occupanci es (NFPA 101, Chapter 29).

2.2.2 Hazards of Contents C assification

The hazard of contents classification of any expl osives occupancy
shall be determ ned using the requirements given in NFPA 101 and
the foll ow ng guidelines.

a. Hi gh- hazard expl osives contents are those whi chthat, because
of form character, or volunme, are likely to burn with
extrenme rapidity or from which poi sonous funes or expl osions
can be expected in the event of fire. The expectation of
poi sonous fumes or explosions is a relative natter to be
determ ned on a case-by-case basis. Operating buil dings
contai ning propellant, pyrotechnic, or explosive powders
shall be classified as high-hazard occupanci es unless a
reduced hazard classification can be justified.

b. Reduced- hazard expl osi ves contents are those that burn with
noderate or less rapidity and will not produce poisonous
vapors. This criterion shall be docunented by a hazard
anal ysi s.

2.2.3 Personnel Protective Restrictions and Requirenents

DCE occupanci es contai ni ng hi gh expl osi ves dictate personnel
protection from bl ast overpressures and fragnents (and spread of
pl utoni umin some occupanci es) froman acci dental detonation.
Thi s accidental detonation of explosives is usually the result of
stimuli other than a fire.

Nonconpl i ance with some NFPA 101 provisions (such as those
covering exit doors, exit travel distance, nunber and | ocation of
exits, and comon path of travel to exits) is authorized where
required to provide protection from bl ast overpressure and
fragments. \When NFPA 101 requirenents are not net the foll ow ng
addi ti onal personnel protective restrictions or requirenents
shoul d be i nposed.

a. The buil di ng and neans of egress should be protected by
supervi sed automati c sprinkler systens connected to sound
evacuation alarns. This requirenment is not applicable to
expl osi ves storage nmgazi nes, firing chanbers, or roons used
as firing chanmbers, w thin explosives operating buil dings.

b. Expl osi ves operating buildings and their means of egress
shoul d have automatic, early warning fire detecti on systens
connected to sound evacuation alarnms where such early
war ni ng m ght reasonably aid in prevention or mtigation of

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



DCE M 440.1-1 [1-7
2-19-99 Revi sion 8 (Redline Version)

personnel injury. This requirenment is not applicable to
expl osi ves storage nmgazi nes, firing chanbers, or roons used
as firing chanmbers w thin expl osives operating buil dings.

C. Personnel limts within the expl osives work area (bay, cell,
etc.) shall be established and controlled. These should not
exceed 20 for reduced hazard occupancies or 6 for high-
hazard occupancies. The need for personnel in nunbers
greater than these limts shall be docunented in a hazards
anal ysis based on the criteria of paragraph 2.2.5 of this
chapter.

2.2.4 Requi rements for Existing Facilities

Existing facilities may deviate fromcurrent NFPA 101
requi renments in the follow ng situations.

a. Current code requirenents were not in effect when the
bui I di ng was constructed. The building, however, is still
required to neet the code of record.

b. Devi ations were nmade to neet the | evel-of-protection and
design criteria in Chapter VI, Section 6, of this Mnual.

C. Bui | di ng construction predates both current and | evel -of -
protection criteria, but a hazards anal ysis has shown the
ri sk of operations to be at an acceptabl e risktevet.

d. The risk fromdeviation has been anal yzed and accepted by
current hazards anal ysi s.

Those facilities requiring hazards anal ysis to determ ne whet her
a deviation fromthe Life Safety Code is acceptable shall follow
the considerations and criteria described in paragraph 2.2.5 of
this chapter.

2.2.5 Requi rements for New Facilities

New facilities shall conmply with the requirenments of NFPA 101
except when deviation is necessary to provi de personnel
protection from bl ast overpressure and fragments per Chapter VI
of this Manual

2.2.5.1 I f deviations from NFPA 101 requirenents are nmade, the
Fire Hazards Analysis required by Chapter VI of this
Manual shall docunent the follow ng aspects related to
each expl osives operation, bay, and/or workroom where a
devi ati on exi sts.
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a. Clear pathway to exit in explosives bay or
wor kr oom
b. Potential for sustained fire in work environnents

fromthe presence of conbustible and flamuabl e
materials and the presence of ignition sources.

C. Total time required to exit the bay or workroom

2.2.5.2 The criteria considered acceptable for the conponents
of the analysis in paragraph 2.2.5.1 of this chapter
are, respectively:

a. No obstruction shall limt the width of the
pat hway to |l ess than 36 in.

b. Conmbusti ble and flammabl e nmaterial quantities
shall be mnimzed, justified, docunented, and
reviewed by site fire protection personnel and
approved by |ine nmanagenent. Ignition sources
shall be identified and eli m nated where possi bl e.

C. The total tinme for 6 people to exit the workroom
or bay is 30 seconds or less, including the
openi ng of doors where necessary. The total tine
for 20 people to exit the workroomor bay is 90
seconds or |ess. Nonconpliance with this
criterion shall be evaluated and justified during
t he conceptual design review.

2.2.6 Single Exits

Where at |least two exits are required by NFPA 101 and provi sions
for personnel protection froma blast will not permt at |east
two exits froma roomor structure, a single exit is acceptable,
provi ded the requirenments of paragraphs 2.2.3 and 2.2.4 of this
chapter and the follow ng are net:—

a. The path of exit travel shall be arranged so it is not
t hrough or toward a hazardous operation.

b. The room cont ai ning a hi gh- hazard expl osi ves occupancy shal
not exceed 500 square feetf+? and the occupant |oad of the
roomshall be restricted to two operators and two
transi ents.

C. The room cont ai ni ng af—oerdinarya reduced-hazard expl osives
occupancy shall not exceed 1,000 square feetft2
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Expl osi ves storage magazi nes nmay have only single exits for the
purpose of maintaining integrity of design. The conditions of
this section do not apply to these nagazi nes.

2.2.7 Bl ast - Resi st ant Doors

Bl ast-resi stant doors required for the purpose of personnel
protection fromthe effects of an accidental detonation nmay be

| ocated in the nmeans of egress, provided the requirenments of

par agraphs 2.2.3 through 2.2.5 of this chapter and the foll ow ng
are net.

a. Wher e power-operated doors are required to acconplish
unl at chi ng and openi ng, they shall have redundant features
or retiable—power—suppttes—and—shatt—be capabl e of being
opened manual ly (to permt exit travel) or closed where
necessary to safeguard the—exits.

b. The time required to fully open or close a door shall be as
short as reasonably possi bl e.

C. A revolving door is acceptable if a secondary neans of
escape (with swi nging doors) is provided at the sane
| ocation. The revolving door nust al so be prevented from
rotating at too rapid a rate to permt orderly exit of
per sonnel .

d. The follow ng exceptions to NFPA 101 nmay be all owed when
justified and docunent ed.

. Swi ngi ng doors may exceed 48 in. w de.

. It is acceptable to omt the NFPA-required sw nging
doors adjacent to a revolving blast door.

. Revol ving bl ast doors need to collapse into book-fold
posi tion.

. Where fire-rated doors are required, blast doors are

considered to have the required fire rating.

. An airlock provided with two or nore doors with the
i nt ended purpose of preventing continuous and
unobstructed passage by allow ng the rel ease of only
one door at a time, shall be permtted in a neans of
egress where there are provisions for continuous and
unobstructed travel during an emergency egress
condi tion.

. Panic hardware is not required on blast doors.
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e. Areliability analysis nmust be conducted to denonstrate that
the reliability of the doors and associ ated hardware is
equi valent to the requirenents of ANSI Al56.

2.2.8 Sl i de Escapes

Sl i de escapes should be provided for el evated expl osives
operating locations fromwhich rapid exit nmay be vital and cannot
be obtai ned by other nmeans. Slide escapes should be | ocated on
opposite sides of the explosives operation to reduce the

| i kel i hood of personnel being trapped by fire between them and a
single slide. Exits to slide escapes nmust open onto platforns
that are not less than 3 feetft square, and the platforns nust be
equi pped with guardrails. The slides shall begin at the outside
edge of the platform not at the edge of the buildings. Slide
escape | andings shall be |ocated at sel ected places | eading
directly to escape routes that are free fromtripping hazards,

| ow guy lines, drains, ditches, or other obstructions. Mnually
or automatically controlled devices (trips) that sound an al arm
in the operating building shall be installed at or near the
entrances to slide escapes. These devices may al so actuate

del uge val ves and water curtains in the building or room

af f ect ed.

Reconmmended sl i de escape specifications:
. angle, 40 to 50 degrees horizontal;

. slide depth, 24 in.

. radi us at bottom of slide, 12 in.; and
. hei ght at |ower end of slide, not over 24 in. above the
| andi ng.

I f necessary, the end of the slide nust have a horizontal run
sufficient to prevent an enpl oyee injury because of exit speed
W t hout the use of |anding cushions, which are unsatisfactory in
cold weather. One foot of horizontal run is required for a
15-ft-long slide. One additional foot of horizontal run will be
provi ded for each additional 5 ft of slide Iength. The juncture
of the two sections nust be well rounded. The netal sheets
constructing the slide nust overlap in the direction of travel

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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3.0 BU LDI NG AND EQUI PMENT NMAI NTENANCE

3.1 deaning

a. Structures containing explosives shall be kept clean and
orderly.
b. Expl osi ves and expl osi ves dust shall not be allowed to

accunul ate on structural nenbers, radiators, heating coils,
utility lines, equipnent, or electrical fixtures.

C. To maintain safe conditions, there shall be a regul ar
cl eaning programfor building interiors to prevent
expl osi ves dust and waste accunul ation. This program shoul d
not be conducted in any bay where a hazardous operation is
bei ng conduct ed.

d. I n buildings containing expl osives, hot water or water-steam
m x shoul d be used wherever practical for cleaning floors.
Sweepi hg conpounds that are nonabrasive and conpatible with
t he expl osives involved may be used when the use of water-
steamm x or hot water is not practical. Such conpounds may
be conbusti bl e but nust not be volatile (closed-cup flash
poi nt nmust not be |ower than 110°C). Sweepi ng conpounds
contai ning wax shall not be used on conductive flooring.
Where nitrated organi c expl osives (which may formsensitive
expl osi ve conpounds w th sonme al kal i satkal+es) are involved,
the use of cleaning agents containing those al kal i satkaties
i s prohibited.

e. Bef or e begi nni ng expl osi ves decontan nation activities that
i nvol ve the use of |arge anobunts of organic solvents
(generally over 1 L), provisions nust be made for
(a) adequate ventilation or respiratory protection, (b) fire
protection, and (c) adequate protective cl othing.

3.2 Mintenance and Repair

a. Records shall be maintained for inspection, repair, and
servicing of process and handling equipnment and fire
protection systens.

b. Mai nt enance operations involving nmajor repairs, changes, or
the use of hazardous equi pnent shoul d not be perforned
wi thin bays (roons) while explosives are present. Before
t hese operations, explosives should be renoved and the area
prepared. An approval procedure shall be established to
ensure that the area has been inspected and is safe for
t hese operations.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C. Mai nt enance or construction operations performed by non- DOE
facility personnel shall be at least intraline distance from
any expl osives operation and should be at | east intraline
di stance from any buil ding containing explosives. This
requi rement does not apply to personnel (e.g., technica
representatives, architect-engineering surveyors, etc.)
maki ng job site inspections or equipnent repairs requiring
| ess than eight hours. (Intraline distance separation may
be satisfied by providing equival ent protection.)
Transportati on of explosives is permtted on roadways at
| ess than intraline distance.

d. For non-DCE facility personnel making job site inspections
or equi pnent repairs requiring less than 8 hours, e.g.,
technical representatives, service representatives,
architect-engi neering surveyors, etc., facility managenent
shall determ ne the m nimpracticable distance from which
such personnel will be separated from expl osives operations.
Facility managenent shall control expl osives operations so
that the chance of an explosion shall be kept to a m ni nrum
Docunent ati on showi ng the rationale for establishing the
m ni mum practicabl e di stance and addi ti onal control neasures
taken shall be maintained until operation have been
conpl eted and personnel have permanently vacated the work
site. all such personnel shall be infornmed of the risk of
working at less than intraline distance and agree to accept
such ri sk.

et¢. New equi pnent or equi pnent subjected to najor repair or
nodi fication shall be test-operated, and handling equi pnent
shall be tested before being returned to operations. The
DOE HO STI NG AND RI GA NG HANDBOOK (1090-95) may be used as a
gui de.

fe. Mintenance work shall be performed by authorized personnel
only.

gf. Before resum ng operations follow ng mai ntenance, the area
shal | be cl eaned and approved by the operations supervisor.

3.3 Hot Wrk Pernits

Where expl osives are involved, a witten permt shall be required
for the tenporary use of portable, heat-producing equi pnent that
generates tenperatures higher than 109°C. Expl osives

decontam nation of the imediately affected work areas and
expl osi ves renoval shall be required before hot work operations.
The permit should state the |location, tinme, duration, purpose of
use, details of safety, and fire-fighting equipnment required.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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The permt shall be kept at the named |l ocation for availability
to and checkout by supervisory personnel.

a. Aut hori zation of permits shall be by signature of personnel
desi gnated by the teecat—facility nanager ranagetrent-.
Desi gnat ed personnel should be qualified by experience in
expl osives work, fire prevention, and general safety
precautions, particularly with regard to the purging of
equi pnent, presence of flammble m xtures, and the avoi dance
of electrical and nmechani cal hazards that could be incident
to repair work.

b. Desi gnat ed personnel should represent supervision of the
| ocati on where the work is being perforned, supervision of
personnel perform ng the hot work, and a third group
I ndependent of the first two (usually the |ocal safety and
fire protection group).

C. Soneone should remain at the site of a cutting or wel ding
job for approximately 30 m nutes after the job has been
conpl eted to extinguish or report any fires that devel op.
Desi gnat ed supervi si onstupetrvisors shoul d i nspect the job
site before job initiation, during the job, and after job
conpl eti on.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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4.0 REMOTE OPERATI ONS

4.1 Personnel Protection Criteria

Expl osi ves operations judged to present a high enough |evel of
risk to be performed renotely shall be conducted in facilities
where the construction of the operating bay or the control room
I's capable of affording sufficient protection to personnel to
prevent serious injuries. Criteria for the prevention of serious
Injuries are specified in Chapter VI, paragraph 4.2.1.d.

Prevention of serious injury froma renote operation applies to
transi ent personnel as well as to personnel involved in the
operation.

4.2 Access and Equi pnrent Control s

Control procedures and equi pnrent shall be used to prevent
personnel fromentering the hazardous bay or area in which a
renote operation is occurring or to prevent the operation from
proceedi ng when personnel enter, as foll ows.

a. Roads shall be bl ocked at a m nimum of the public-traffic-
route di stance from buil di ngs where hazardous (renote)
operations are being perforned. Public traffic route
separation may be satisfied by providing equival ent
protection.

b. Corridors leading to bays in which hazardous (renote)
operations are being perforned shall be adequately marked to
warn of the danger. Barriers shall also be set up.

C. Vi sual net hods such as closed circuit television should be
used to nonitor renote operations and to enable view ng the
operating area conditions before entering. Renbte audio
noni toring and vi deo recordi ng should al so be consi dered.

d. Interlocking of renpote operating equi pnent to access doors
shoul d be required for each renote operation.

e. Bui | di ngs or bays in which renpte operations are perforned
shall be conspicuously identified by Iights or simlar
war ni ng devices to indicate when renote operations are under
way.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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5.0 GENERAL EXPLOSI VES AREA CONTROLS
5.1 Snoking, Mutches, Lighters, Mtal Articles

a. There shall be no snoking in explosives storage, processing,
or test areas, except in designated |ocations.

b. No matches, lighters, other fire-, flame-, or spark-
produci ng devi ces shall be taken into an expl osives control
area except with witten authorization. |f authorized to be

carried, matches shall be contained in a netal carrying
device too large to fit intotn pockets. Kitchen ("strike
anywhere") matches shall not be used.

C. I n expl osives processing areas, netal articles (keys,
jewelry, knives, coins, etc.) should not be carried by
operati ng personnel where such itens could constitute a
hazard if dropped into the process operation.

5.2 Cooking and Eating

a. There shall be no consunption of food or beverages in an
expl osi ves buil ding, except in designated areas.

b. There shall be no personal dishes or utensils in an
expl osives building, except in designated eating areas.

C. Cof fee pots, hot plates, ovens (including mcrowaves), and
portable electric heaters shall not be permitted in roons
wher e:
. expl osi ves may be present;
. conmbusti bl e vapors or dust nmay be present;

. snoki ng or drinking is prohibited because there are
toxic materials present; and

. el ectrical classification of appliances is not
conpatible with the area.

5.3 Access to Expl osives Areas

Access control procedures shall be established for entry to al
expl osi ves areas.
This page intentionally left blank.
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6.0 ELECTRI CAL STORVMS AND LI GHTNI NG PROTECTI ON

6.1 Assessnent

Whenever an el ectrical storm approaches, personnel shall exit any
| ocati on wherein a hazard exists due to expl osives being
initiated by lightning. The existence of such a hazard shall be
det erm ned based on the assessnent of the specific operation and
facility or area lightning protection. Locations where
evacuation may be necessary are |isted bel ow

. Al'l outdoor operations and operations in buildings that do
not afford |lightning protection, and |locations within
i nhabi t ed- bui | di ng di stance of the hazard. (Wen an
el ectrical stormis inmmnent, explosives operations should
not be initiated.)

. Expl osi ves-carrying vehicles and railroad cars and | ocations
W t hi n magazi ne di stance of the hazard.

. Locations (with or without lightning protection) where
operations involving el ectrostatic-sensitive bul k expl osives
or el ectroexpl osive devices (EEDs) are bei ng perforned.

6.2 Evacuation

Evacuat ed personnel shall proceed to a suitable protective
shelter. A suitable protective shelter is one that will protect
personnel from overpressures greater than 16 kPa (2.3 psi),
structural collapse, and mssiles in the event of explosion of
any adjacent facility containing expl osives.

6.3 Shutdown of Operations

The foll ow ng guidelines should be used for shutdown of an
operation during an electrical storm

a. Process equi prent cont ai ni ng expl osi ves shoul d be stopped as
soon as safety permts.

b. When bui |l di ngs or bays containi ng expl osives are evacuat ed
during periods of electrical storns, operations that cannot
be shut down i mredi ately should be manned by the m ni mum
nunber of personnel required for safe shutdown. Wen the
operation has been brought to a safe condition so that
personnel can exit, remaining personnel should
pr oceedevactate.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C. Aut ormati ¢ energency power equi pnent shoul d be provided if
el ectrical power is critical to an expl osives operation
during a power shutdown or interruption.

6.4 Lightning Protection

It is DOE policy to install lightning protection on al

facilities used for storage, processing, and handling of

expl osi ves materials where operations cannot be shut down during
el ectrical stornms and personnel evacuated. Specific operations
shal |l be assessed for the risk of initiation of process nmaterials
by |ightning. Assessnent shall consider the need for protection
factors outlined in NFPA 780, "Lightning Protection Code,"
Appendi x Kt ("Protection of Structures Housing Expl osive

Mat eri al sExptoestves”). Wien risk is high, as in operations with
hi ghly sensitive electrostatic materials or conponents,
operations shall only be conducted in |ightning-protected
facilities only. Approved lightning protection systens nust
conformwi th the requirenents of NFPA 780, Appendi x Kt. Exanples
of acceptable |ightning protection systens can be found in
DOEBeb 6055. 9- STD, DODPeb Ammuni tion and Expl osi ves Safety

St andar ds, Chapter 7.

a. Vi sual inspection of lightning protection systens should be
conducted every seven? nonths and shall be conducted at
| east annually. A report shall be filed follow ng each
i nspection. Any evidence of corrosion, broken wires or
connections, or any other problemthat would negate the
system s usefulness will be noted and repaired.

b. Electrical testing for lightning protection systens should
be conducted every 14 nonths and shall be conducted at | east
every 47 nonths to afford testing during all seasons and
i mredi ately follow ng any repairs or nodifications. The
testing shall be conducted only with instrunents desi gned
specifically for earth-ground systemtesting. The
i nstrunents nust be able to neasure 10 ohnms plus or mnus 10
percent % for ground resistance testing, and 1 ohm plus or
m nus 10 percent% for bonding testing. Electrical
resi stance readi ngs shall be recorded.

C. I nspection records shall contain the nost recent electrical
test report and any subsequent visual inspection reports for
each bui | di ng.

See paragraph 8.3 of this chapter for additional requirenents.
7.0 STATIC ELECTRICITY

7.1 General

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Positive steps nust be taken to control or elimnate static
electricity 1n areas where materials that are ignitable by static
spark di scharge are processed or handled. This includes sparKk-
sensitive explosives, propellants, and pyrotechnics as well as
sol vent vapors and fl ammbl e gases.

7.2 Bondi ng and G oundi ng of Equi pnent

Bondi ng straps should be used to bridge |ocations where

el ectrical continuity may be broken by the presence of oil on
beari ngs, paint, or rust at any contact point. Pernmanent

equi pment 1 n contact with conductive floors or table tops is not
consi dered to be adequately grounded by virtue of pressure
contact only. Static grounds shall not be nade to gas, steam or
air lines, dry pipe sprinkler systens, or air termnals of
lightning protection systens. Static grounds can be made to

wat er pi pes, ground cones, buried copper plates, driven ground
rods, or to down conductors of |ightning protection systens. |If
a structure is equipped with a lightning protection system all
grounds mnust be interconnected. Wres used as static ground
conductors should be at |east No. 10 AWG or equival ent.

7.3 Testing Bonded Equi pnent G ounds

Groundi ng systens shall be tested for electrical resistance and
continuity when installation has been conpleted and, in the case
of active equipnment, at intervals to be locally determ ned. The
ground systemshall be visually inspected for continuity (before
reactivation of the systen? if the equi pment has been inactive
for nmore than 1 nonth. All exposed expl osives or hazardous
materials shall be renoved before testing. Wen testing for

resi stance-to-ground, equi pnment should be considered as a unit,
except in the case of an electrically isolated device or a belt-
driven machine. In neasuring the total resistance-to-ground for
belt-driven machinery (to assureensture conpliance with the

par agr aph bel ow), resistance of the belting is to be excl uded.
The maxi mum resi stance-to-ground permtted for different types of
equi prent is as foll ows:

Hazar dous | ocations (operations where a static spark
di scharge may be dangerous). Al conductive parts of
equi pnent shall be bonded; in the case of grounded
equi pnent, bondi ng shall be such se—that resistance to
ground does not exceed 25 ohms, unless resistance is
not to exceed 10 ohns because of the |ightning
protection installation. For existing equipnment, the
rate of static generation should be considered before
changes in grounding systens are made. The resistance
of conductive rubber hose should not exceed

250, 000 ohns.

7.4 Conductive Floors, Shoes, Mats, and Wi st bands

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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a. Conductive floors and shoes shoul d be used for grounding
personnel in operations involving explosives, propellants,
pyrotechnics, etc., that are sensitive to initiation by the
el ectrostatic spark discharge froma person. These include
| ead azi de, |ead styphnate, nercury fulmnate, CP, sone
propel |l ants, some pyrotechnics, etc. Many flammuable |iquids
and air mxtures can be ignited by static discharge froma
person. \When personnel cone into the proximty of (possible
contact with) static-sensitive expl osives or vapors,
conductive floors shall be installed except where the
hazards of dust-air or flamrable vapor-air m xtures are
el imnated by adequate housekeepi ng, dust collection,
ventilation, or solvent recovery nethods. Conductive floors
may al so be required where operations are perfornmed
i nvol vi ng el ectroexpl osi ve devices (EEDs) that contain a
static-sensitive expl osive.

b. Conductive floors are not required throughout an entire
building or roomif the hazard is |localized. |In such cases,
conductive mats or runners nmay be used where required.

These mats or runners will be subject to all the
specifications and test requirenents that apply to
conductive floors. Conductive wistbands nay be substituted
for conductive mats and footwear at fixed, grounded or
bonded work stations or outdoor |ocations.

7.5 Conductive Floor, Wk Surface, and Wi stband Specifications

Conductive floors nust be nade of nonsparking material such as
conductive rubber or conductive flooring conposition and shall
neet the follow ng requirenents: —

a. The flooring and its groundi ng system nmust provide for
el ectrical resistance not to exceed 1,000,000 ohns (neasured
as specified in paragraph 7.6 of this chapter).

b. The surface of the installed floor nust be free from cracks
and reasonably snmooth. The material nust not slough off,
wri nkl e, or buckl e under operating conditions. Conductive
tiles are not recommended for use in areas where
contam nati on can be caused by expl osive dust. The |arge
nunber of joints and the tendency of tiles to | oosen provide
areas where expl osive dust can becone | odged that are not
easy to clean with nornmal cl eanup procedures.

C. Where conductive floors and shoes are required, resistance
bet ween the ground and the wearer shall not exceed
1, 000, 000 ohns (i.e., total resistance of conductive shoes
on a person, plus the resistance of floor to ground). (See
Figure I1-1 for testing nethod.) Were conductive floors

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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and shoes are required, table tops on which exposed

expl osives or dusts are encountered should be covered with a
properly grounded conductive material that nmeets the sane
requi rements as those for flooring.

d. Conductive floors must be conpatible with the expl osive
materials to be processed.

e. Conductive wistbands shall not exceed a resistance between
the wearer and ground or bondi ng point of 1,200,000 ohns.
This resistance shall be neasured with a suitably calibrated
ohmreter. Wi stbands shall be of a design that maintains
el ectrical contact with the wearer when used.

f. Tabl e-top work surface mats that are not part of a tota
conducti ve system (paragraph 7.5c) shall have a resistance
not to exceed 1, 200,000 ohns. This resistance shall be
measured by a nmethod simlar to that outlined in paragraph
7.6 and records shall be naintained.

7.6 Conductive Floor Tests

a. Initial tests shall be made of all conductive floors, and
subsequent tests shall be nmade at | east sem annually. Test
results shall be permanently recorded and a copy filed in a
central location. |Instrunents used in making tests shall be
used only when the roomis free from exposed expl osives and
fl ammabl e gas m xtures.

b. Maxi mum fl oor resistance shall be neasured with a suitably
cal i brated ohmreter that operates on a normal open circuit
out put voltage of 500 volts DCde and a short circuit current
of 2.5 mllianmperes with an effective internal resistance of
appr oxi mately 200,000 ohnms. M nimum fl oor resistance wll
be measured with an ohmreter suitably calibrated for the
t ask.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Test instrument
500 V max test voltage

e 2.0 mA max current

(0.5 mA desirable)
between electrodes

Metal
plate
electrode

Insulating
material

Shoes in series connection
1,000,000 ohms

Figure Il-1. Testing shoes on wearer.
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C. Each el ectrode shall weigh 2.3 kg and shall have a dry,
flat, circular contact area 6.5 cmin dianeter, which shal
conprise a surface of alumnumor tinfoil 1.3 to 2.5 mm
thi ck, backed by a | ayer of rubber 0.6 to 0.65 cmthick and
nmeasuri ng between 40 and 60 duroneter hardness as detern ned
with a Shore Type A duroneter (ASTM D 2240-68).

d. The floor shall be clean and dry. "Electrode jelly" such as
brushl ess shaving soap or saline solution shall not be used.

e. The resistance of the floor shall be nore than 5,000 ohns in
areas with 110-volt service and 10,000 ohns in areas with
220-volt service, and |l ess than 1,000,000 ohns in all areas,
as neasured between a permanent ground connection and an
el ectrode placed at any point on the floor and al so as
measur ed between two el ectrodes placed 3 ft apart at any
points on the floor. Measurenents shall be nmade at five or
nore | ocations in each room |If the resistance changes
appreciably with tinme during a neasurenent, the val ue
observed after the voltage has been applied for about
five5 seconds shall be considered as the measured val ue.

7.7 Hum dification

Hum di fication for preventing static electricity accunul ations
and subsequent discharges is usually effective if the relative
humi dity is above 60 percent% However, certain materials such
as netallic powders and sonme pyrotechnic m xtures cannot be
exposed to air with 60 percent%relative humdity due to the
possi bility of spontaneous ignition. Were this technique is
used to prevent static electricity accumul ations, a daily
preoperational check of the humdity levels will be acconplished
bef ore work starts.

7.8 Gound Fault Crcuit Interrupter

Gound Fault Circuit Interrupter protection shall sheutd be
provided in static grounded areas where personnel may cone in
contact with AC powered el ectrical equipnent.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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8.0 ELECTRI CAL EQUI PMENT AND W RI NG

8.1 Location/ Oeration Electrical Hazard d assification

The National Electric Code (NEC) does not specifically address
expl osi ves; however, Article 500, "Hazardous (C assified)
Locations," does establish requirenents for the design and
installation of electrical equipnment and wiring in |ocations
cont ai ni ng conbusti bl e dusts and flammbl e |iquids, vapors, or
gases that, in general, are conparably hazardous. Although

expl osives do not normally fit these classifications, the

at nosphere surroundi ng explosives is treated as G oup D or

Goup Gto restrict ignition sources, such as sparks from
electrical faults, and to control surface tenperatures of

el ectrical equi prent because expl osives dusts or vapors nay
collect on electrical appliances in the vicinity. Therefore, the
NEC definitions of Class | and Class Il hazardous |ocations are
as nodified and their applications are inplenented as follows for
DCE expl osives facilities.

a. Class |, Division 1 electrical hazardous location is one in
which (1a) ignitable concentrations of flanmable gases or
vapors can exi st under normal operating conditions; or
(2b) ignitable concentrations of such gases or vapors may
exi st frequently because of repair or maintenance operations
or because of | eakage; or (3¢) breakdown or faulty operation
of equi pment or process mght release ignitable
concentrations of flamabl e gases or vapors, and m ght al so
cause simultaneous failure of electrical equipnent.

Equi prent and wiring approved for Cass | |ocations nmay not
be acceptable in Cass Il locations. Operations involving
sol vents and expl osives usually require dual-rated

(Cass I/Class Il) systens. See paragraph 8.1d of this
chapter.

b. Class Il, Division 1 electrical hazardous |ocations are
areas containi ng expl osives dusts or explosives that may,
t hrough handl i ng or processing, produce dust capable of
bei ng di spersed in the atnosphere. Expl osives operations
requiring this classification include, but are not limted
to, screening, grinding, blending, pressing, and dry
machi ni ng expl osi ves pl us wei ghi ng of expl osi ves powders.
Al'l expl osives operations not specified el sewhere are al so
included in this classification.

C. Class Il, Division 2 electrical hazardous |ocations are
areas that contain exposed expl osives but where no dust
hazard exi sts. Explosives operations requiring this
classification include, but are not limted to, storage,
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i nspection, assenbly, and wet nmachining of explosives, plus
heating of fully encased explosives. Cass Il, Division 1
or dual -rated equi pnent and wiring can be substituted for
all explosives operations in this classification.

d. Dual -Rated (Class I, Division 1/Class Il, Division 1)
el ectrical hazardous | ocations are areas where expl osives
are processed and sublimation may occur or where flanmabl e
gases or vapors may be present in sufficient quantities to
produce expl osives or ignitable m xtures. Explosives
operations requiring this classification include, but are
not limted to, synthesis, mxing, wet blending, and casting
expl osi ves, and heating/drying of uncased expl osives.

e. General Purpose (Non-hazardous rated) electrical |ocations
are areas where no special hazards exist that m ght be
influenced by the electrical wiring. Areas i

' allowed in this classification include, but are
not limted to, offices, control roons, halls, rest roons,
and nechani cal equi pnent roons in explosives facilities—ptus

. Expl osi ves operations
allowed in this classification include shipping and

recei ving operations with fully encased expl osives or

expl osi ves packaged i n DOI/ DoD approved shi ppi ng cont ai ners.
General Purpose Areas nmay be established in Hazardous
Locations if facility managenent can determ ne, based on
anal ysis of the processes involved, that the follow ng can
be satisfied. Separation between the Cass | or Cass Il
operation and the General Purpose Area is established and

mai nt ai ned such that:

. M gration of explosives into the General Purpose Area
fromthe classified area will not occur under norma
operating conditions;

. Ignition energy that may be devel oped in the General
Purpose Area will not be transferred to the classified
area, even under electrical fault conditions.

8.2 Electrical Supply System

Mut ual hazards may exi st where explosives facilities are | ocated
near electrical supply lines and stepping equipnent. To protect
agai nst these hazards, the NEC (NFPA 70) and the foll ow ng

requi rements apply to all new construction or mgjor
nodi fi cations, and should be considered for existing facilities.
Quantity distance requirenents are based on air bl ast
overpressure only, and fragnent distances are not consi dered.
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a.

8.3

Electric transm ssion |lines (those carrying 69 KV or nore)
and the tower or poles supporting themshall be |ocated no
cl oser to explosives facilities than:

. i nhabi t ed-buil ding distance if the Iine in question is
part of a grid/systemserving a |large, off-site area;

. public-traffic-route distance if loss of the line wll
not create serious social or econom c hardships to off-
site areas.

Electric distribution lines (those carrying | ess than 69 KV)
and the tower or poles supporting themshall be | ocated no
closer to explosives facilities than public-traffic-route

di st ance.

Aboveground, DOE-controlled electric service lines required
to be in close proximty to a conbustible constructed or
uncovered an explosives facility shall be no closer to that
facility than the length of the Iines between the poles or
towers supporting the lines, unless an effective neans is
provi ded to ensure that broken, energized |lines cannot cone
Into contact with the facility or its appurtenances.

Accept abl e controls include, but are not limted to,
geographic terrain features, instantaneous circuit
interrupters, cable trays and linking Iines together.

Equi val ent underground service lines shall be |ocated as
specified in Chapter VI, paragraph 3.2.4 and Table VI-1.

Electric lines serving explosives facilities shall be
i nstall ed underground froma point not |ess than 50 ft away
fromsuch facilities.

Unmanned privately owned or contractor-owned el ectrica
substations (not to include building transformers and
associ ated switch gear) shall be no closer to expl osives
facilities than public-traffic-route distances.

Certain types of auxiliary power facilities, transfornmner
stations, etc., present fire hazards to expl osives
facilities. Transforners and associ ated el ectri cal

sw t chi ng apparatus serving one explosives facility or
conpl ex that do not present a fire hazard to the facility

(i.e., dry-type, "less flanmmble" oil-insulated, etc.) shal
be | ocated as specified by NFPA 70 and Factory Mutual Data
Sheet 5-4/14-18. Normal oil-insulated transformers shall be

| ocated at least 50 ft froman explosives facility or as
speci fied in DoD 6055. 9- STD.

Buil ding El ectrical Service Entrance

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Each el ectrical service entrance for explosives facilities should
be provided with the follow ng protection.

a. Arrestors
. An internedi ate, valve-type lightning arrestor shall be
provi ded on the primary side of the transfornmer |ocated
In, on, or near the facility. See Section 6 of this
chapter for additional |ightning protection guidance.

. Surge arrestors and surge capacitors shall be provided
on the supply side of the main service di sconnect.

b. Groundi ng

The lightning arrestor, surge arrestor, surge capacitors, service
entrance ground, and buil ding ground shall be interconnected.
This interconnection shall be nade outside the building.

8.4 Permanent Wring and Equi pnent

The NEC and this section are m ninmumrequirenments for DOE
facilities containing explosives. (For |aboratories, see
paragraph 8.10 of this chapter).

a. Permanent facility wiring includes installed electrical
Wi ring, comunications wiring, security systens wiring, and
fire protection systens al arm and response w ring.
Per manent equi pment includes the installed electrical
fixtures and equi pnent associated with this wiring.
Per manent equi prent al so i ncl udes equi prent such as (but is
not limted to) HVAC, hoods, vacuum punps, hydraulic punps,
et c.

b. New Faciliti es and Renovati ons

(1) Al permanent equi pnent and wiring of a room shal
conformto the NEC el ectrical hazard class (see
paragraph 8.1 of this chapter) required for the
operations for which the roomis designed.

(2) To maintain maxi num long-termflexibility of use of
facilities, facility nanagenent is encouraged to
consider installing dual-rated (i.e., Cass I,
Division 1 and Class Il, Division 1) permanent wring
and equi pnent in explosives operating roonms. As a
m nimum installation shall allow for easy conversion
to dual-rated wiring and equi pnent.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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(3) Explosives storage facilities shall neet Cass I,
Division 1 requirenents.

(4) Rated electrical fixtures shall not be painted.
C. Existing Facilities

(1) Permanent wiring and equi pnent shall neet the
requirements in effect at the tinme the facility was
built. The wiring and equi pnment shall be brought into
conformance with paragraph 8.4.b of this chapter if
renodel i ng or renovation affect the wiring or
equi pnent .

(2) As a mininmum the permanent wiring and equi pment shal
nmeet the requirenents of paragraph 8.1 of this chapter
for the expl osives operations performed.

(3) Wiere equi pnent cannot neet the above requirenents, the
equi prent shoul d be | ocated outside the hazardous
environnent. O herw se, the equipnment shall be
controlled as specified for electrical equipnment and
i nstrunentation in paragraph 8.6 of this chapter.

8.5 Flexible Cords/Wring

Wring fromthe pernmanent premi ses wiring to process equi pnent or
process instrunmentation should be rated for the—actual explosives
operation being performed, per paragraph 8.1 of this chapter. As
a mninmum flexible cords shall be type SO hard service cord or
rubber-covered heater cord type HSJ. Splices are not allowed.

In addition all flexible cords, receptacles, and attachnment plugs
must be equi pped with three prongs so that the third prong (green
wire) acts as ground. The cord shall be supported so that there
is no tension on the term nal connections. Seals shall be

provi ded where the cord enters expl osi on-proof enclosures. For
NEC Class | or Class Il dual-rated operations, the cord shal

al so be equi pped with expl osion-proof attachnent plugs. Flexible
cords shall not be used where fixed installed electrical wring
I's required by equi pnment design

8.6 Electrical Equipnent and |Instrunentation

a. Non- per manent el ectrical equipnment and i nstrunmentation shal
conmply with the follow ng.

(1) Process instrunmentation and process equi prment shoul d be
rated for the actual environnent based on the
expl osi ves operation being perforned as defined in
paragraph 8.1 of this chapter.
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(2) If the properties of an explosive are such that NEC
Cass Il, Goup G equipnent provides inadequate surface
tenperature limts, special protection shall be
provi ded, or the equipnent shall be excluded fromthe
hazar dous | ocati on.

(3) Wien NEC dass | or Il, as applicable, equipnent or
I nstrunentation is not avail able, the substitute
equi pnment shoul d be purged or pressurized in accordance
with NFPA 496, or be determned intrinsically safe
(without regard to voltage) in accordance with NEC
Article 504/ ANSI 913/ NFPA 493 by facility managenent,
or in NEC Class Il locations sealed to prevent
expl osi ves contam nation. Wen the equipnment is purged
or sealed, the surface tenperature shall not exceed
120°C.

(4) If the required NEC-rated equi pnent or instrunmentation
is not available or cannot be purged or sealed or is
not listed by a nationally recognized testing
| aboratory i

as intrinsically safe, facility
managenent shall eval uate the equi pment or
Instrunentation as to their suitability for use in the
area. The follow ng are suggested areas for
eval uati on. the— —Hi i HA-tat

exptostves—bythefoHHowngevents—

. Mal function of electrical equipnment or process
I nstrunent ati on.

. Breach of containment resulting in exposed
expl osives or spillage of explosives.

. I gnition sources arising from physical danage to
the wiring nmethod used (e.g., crushing by forklift
or other material handling equi prent, frayed
cords, etc.).

. Exposed el ectrical conductors or connectors that
coul d make contact with leg wires or cabl es of
expl osi ve devi ces during routine handling.

. Exposed el ectrical conductors or connectors on
whi ch expl osives dust or vapors could collect.

. Col I ection of explosives dust on or in the
equi prent .
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. Sensitivity to heat and spark, and thermnal
stability of explosives involved.

Thi s equi pnent shall not have a surface tenperature
exceedi ng the | owest onset of the exotherm of the

expl osive, as determned by the differential therma
anal ysis (DTA) test or the differential scanning
calorinmetry (DSC) test in paragraph 12.1.1c of this
chapter and Chapter VIII, paragraph 2.2d. Approved

i nstrunentation and equi pnrent shall be admi nistratively
control |l ed and marked accordingly.

(5) If the equipment is purged, the air flow shall be
nmoni t ored per NFPA 496 and interlocked to the
equi pnent, or alarned, if operator shutdown of the
machi ne can be reliably perfornmed i medi ately upon
recei pt of that alarm

(6) A waiver is not required when the equi pment or
I nstrunmentation neets the requirenents of either
par agraphs 8.6a(3) or (4) of this chapter. [If the
equi pment or instrunentation cannot neet these criteria
or has not been evaluated by facility nmanagenent, it
shall neet the appropriate electrical hazard cl ass
requirements.

Watertight equi prment (that woul d pass a NEMA 4 hose test)
shoul d be provided in those |ocations where water-expl osives
m xtures may come in contact with the el ectrical equipnent
and W ring.

El ectrical Requirenents for Qutdoor Test Areas

renments for outdoor test areas shall be contained in the
fic test procedures.

Hand- hel d, Battery-Powered Lights and I nstrunents

Fl ashl i ghts and hand | anterns, powered by | ow voltage dry
cell batteries and "mners’ cap | anps" approved as

"Perm ssible" by the U S. Bureau of Mnes and by UL for NEC
Cl ass | hazardous | ocations, are authorized for use in both
Class | and Class Il locations. Devices that provide "cold
light" through chemi cal action are acceptable for use in any
| ocati on.

Hand- hel d i nstrunents, watches, calculators, hearing aids,
cameras, self-contained flashes, and comruni cati on devices
powered by | owvoltage dry cell batteries are authorized for
use in the vicinity of NEC Class Il, Dvision 2 rated
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hazar dous operations and during setup of NEC Class | or
Class Il, Division 1 hazardous operations. They shall be
evaluated as to their intrinsic safety and approved by
facility managenent prior to use during NEC Class | or
Class I, Division 1 hazardous operati ons.

C. Hand- hel d, battery-operated equi pnent shall not cone in
direct or indirect contact wwth bare explosives. Batteries
shall not be renoved or replaced in a NEC hazard rated area
(paragraph 8.1 of this chapter).

8.9 Non-Rated Extension Lighting

When it is necessary to use extension lights within 10 ft of

exposed expl osives, where no airborne dust exists, the follow ng

requi renments shall apply.

. Li ghts shall be nounted on heavy tripod stands.

. The lights shall be fitted with exterior globes to prevent
the falling of hot sparks or particles that mght ignite the
expl osi ves.

. The lights shall be fitted with adequate guards to protect
t he gl obes from physi cal danage.

. The wire providing power to the lights shall be positioned
so as to prevent vehicles and personnel damagi ng the cord.

. The flexible cord shall conply with paragraph 8.5 of this
chapter.

. The light stand shall be secured to prevent tipping.

. Nei t her the light nor the power cord shall be allowed to
come in direct or indirect contact with the expl osives.

. Lights shall be positioned outside the fall-down distance to
t he expl osi ves.

8.10 Laboratories

a. Per manent wiring and equi pnent for existing |aboratory areas
are not required to neet the requirenents of paragraph 8.4
of this chapter, except as noted in paragraph 8.4c(1).

b. Process equi pnent used for synthesis, heating, drying,
mechani cal m xi ng, and bl endi ng shall be dual rated.
Wi ghi ng equi pnent shall be Class I, Division 1 or
mechani cal . These operations shall be isolated from non-
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rated wiring, electrical equipnent, and instrunmentation in a
manner that prevents dust or vapors reaching an ignition
sour ce.

C. When | aborat ory equi pnent cannot neet the requirenments of
par agraph 8. 10b of this chapter, see paragraphs 8.6a(3) or
(4) of this chapter.

8.11 Modifications

Qperating buil dings and nagazi nes are constructed to performa
specific function that dictates the requirenents for electrica
installation. Procedures shall be established by each DCE
facility to control the use and nodification of electrical

equi pnent i n expl osives areas and ensure that uniform standards
are adhered to throughout the facility.
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9.0 VACUUM EQUI PMENT
9.1 Ceneral
Precautions shall be taken to prevent expl osives fromentering

any vacuum system not specifically designed for the collection of
expl osi ves.

9.2 Labeling

Al'l vacuum | i nes used for expl osives operations should be | abel ed
to warn mai nt enance personnel that expl osive residues may be
present in these lines. One suggested |abel is:

DANGER, MAY CONTAI N EXPLCSI VES
9.3 Disassenbly

Vacuum | i nes shoul d not be di sassenbl ed unl ess they are fl anged
or connected by el astoneric tubing. Renote neans shall be used
to di sassenbl e threaded connections that are potentially

contam nated with expl osives. The design or installation of any
new vacuum | i nes shall not enpl oy any denountabl e, interna
screwed or threaded fittings or connections unless wel ded or

fi xed permanently in place.

9.4 Traps or Filters

Vacuum punps used to evacuate processes for expl osives operations
shall be equipped with primary and secondary intake |ine traps or
filters to prevent contam nation of the punp with expl osives.
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10. 0 EXPLCSI VES DUST EXHAUST VENTI LATI ON AND COLLECTI ON SYSTEMS
10. 1 General

Exhaust ventilation should be used to control explosives dust (or
ot her hazardous materials used in or resulting from expl osi ves
operations) that may create a hazard to operating personnel or
contam nate the operating area. Wen exhaust ventilation is used
to renove expl osives dust, an approved dust collection systemis
required to prevent the rel ease of the dust outside the building.

10. 2 Exhaust Ventil ati on

Exhaust ventilation and collection systens for control of

expl osives dust and materials associated with expl osives
production shall be designed to neet m nimum requirenents
established in the ACAH Ventilation Manual (nost current
edition) and this Manual. The exhaust ventilation system should
have sufficient capture and adequate nmakeup air to reduce
exposure to explosives dusts, or materials used in conjunction
with explosives, to as |ow as reasonably achievable. This is
particularly inportant when toxicity information and occupati onal
exposure limts are not available for the expl osives in use.

10. 3 Dust Col |l ecti on Systens

a. A "wet collector” that noistens the dust close to the point
of origin and keeps it wet until the dust is renoved for
di sposal is preferred. A "dry-type collector” is permtted
when aut hori zed by an SOP

b. Dust collectors shall be designed to prevent expl osives dust
from reachi ng any mechani cal power source of the collection
system

C. Al'l conductive portions of the collection systemshall be

grounded and bonded.

d. There shall be no screw threads, recesses, or cracks that
may be exposed to expl osives contam nation in a dust
col l ection system

e. Dust collection |ines should be equipped with flanged
connectors and inspection ports.

f. Pi pes or ducts through which expl osives are conveyed shal
have | ong radi us bends with a centerline radius at |east
four tines the dianmeter of ducts or pipes.
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g. Dust collectors shall be enptied and cl eaned on a regul ar
basis, as warranted by system use, and nust be inspected
periodically.

10. 4 Dust Coll ection Location

a. Wher ever practical, dry-type expl osives dust collection
chanmbers shoul d be | ocated outside operating buildings, in
the open, or in buildings exclusively set aside for the
pur pose.

b. Stationary and portable wet-type collectors nmay be placed in
t he expl osives operating bays or cubicles, provided the
quantity of explosives in the collectors does not
exceed 2 kg.
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11. 0 DRAINS AND SUMPS

11.1 Coll ection

a.

Al'l drain lines handling expl osive wastes shall be provided
wWth sunps, clarifiers, weirs, or basins of adequate design
and capacity for the renoval of explosives by settling. The
drains shall be of adequate capacity, free of pockets, and
have sufficient slope (at least 1/4 in./ft) to prevent the
settling out of explosives in the line until it reaches the
sunp, clarifier, weir, or other or settling basin.

Drain gutters within buildings my be constructed with a
slope of 1/8 in./ft. However, a satisfactory program of
cl eani ng nust be devel oped to assureenstre that all
hazardous material is renoved fromdrain gutters.

Sunps nust be designed so that suspended and settl eable
soli1d explosive material cannot be carried in the wash

wat ers beyond the sunps. The design shall allow sufficient
settling time on the basis of the settling rate of the
material and the usual flowrate. The sunp shall be
constructed so that the overflow will not disturb any
floating solids. The design nust also permt easy renoval
of collected explosives and retention of those expl osives

that float on water (until they can be skimed off). |If
settling basins are used to supplenent sunps, they will be
cl eaned periodically and a log will be nmintained.

Expl osi ves col lection trays for sunps will be constructed of
nonferrous netal. Hoisting equipnment used for lifting the
trays will be designed to prevent the trays from bi nding on

the sides of the sunp. Bolted sunp tanks or other types of
construction that permt the explosives to settle in obscure
or hi dden spaces are prohibited.

Drai ns between the source of explosives and the sunp shal

be troughs with rounded bottons and renovabl e ventil at ed
covers to facilitate inspection for accunul ati on of

expl osives. This requirenment applies to all new
construction and maj or nodifications and shoul d be
considered for existing facilities. Short sections of

cl osed pipe or trough are permitted if they can be visually
i nspected for bl ockage or expl osives buil dup. Explosives or
expl osi ves-cont am nated waste |iquids shall not be run into
cl osed drains and sewers.

Drains shall be inspected periodically and necessary steps
taken to prevent the buil dup of explosive deposits In them

11. 2 Effl uent
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a.

Drai ns containing explosives waste materials nust not be
connected in a manner that allows such wastes to enpty into
the normal sewage systens carrying inert or sanitary wastes.

Care nmust be taken to avoid the possibility of deposition of
expl osives fromsunp effluent due to drying, tenperature
changes, or interaction with other industri al

contam nations. \Wen explosives that are appreciably
soluble in water are handl ed, sweeping and ot her dry

coll ecting nmeasures shall be used to keep them out of the

dr ai nage system

The conbi nation of sunps, settling ponds, etc. nust renobve
expl osives so that outflows neet environnental standards.
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12. 0 PROCESSI NG

12.1 Heating, Drvindg, and Thernml Conditioning

12.1.1 Gener al

a.

Heating expl osives is potentially dangerous for several
reasons.

. El evat ed tenperature can increase the sensitivity of an
expl osive to other stimuli such as inpact, shock,
friction, and static electricity.

. At or above the critical tenperature of the system (see
definition in Chapter |, Section 6), a runaway chemn cal
reaction may occur that can produce an expl osion or
fire.

. El evated tenperature of an explosive in a seal ed

contai ner can cause gas generation and pressure rupture
of the containment at tenperatures below the critical
t enper at ure.

. Chem cally inconpatible or reactive materials, which
may be present as accidental contam nants, as
conponents of the formulation, or in external contact
with the explosive, can intensify the precedi ng dangers
or cause themto occur at |ower tenperatures.

. Nonuni form heati ng can cause excessively hot regions in
t he expl osives. Causes may include i nadequate
agitation of fluid explosives, nonuniform heaters, and
nonuni f orm heat conducti on.

The critical tenperature is a system property that depends
on a conbi nati on of the chem cal deconposition reactions of
the explosive, its nass and shape, the heat transfer and
ot her thermal characteristics of the system and the

confi nenent or pressure of deconposition products,
especially gases. The determ nation or estimation of the
critical tenperature can be acconplished by severa
different nmethods of thermal analysis, but the process is
typically quite conplex because of the conplexity of

chem cal reactions that normally occur. For operational
safety, a conservative estimate (i.e., lower limt) of the
critical tenperature for a heating operation shall be nade
(uncertainties of 10 to 25°C bei ngatre common). Anal ogy of
one explosive or systemto another simlar systemwth a
reliable thermal analysis may be used to determ ne safe
heati ng tenperatures and heating tinmes (heating limts).
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C. The DTA, DSC, or other conparable techni ques can be used to
nmeasure the tenperature of the onset of an exothermc
reaction in an explosive. The result of this test can be
used to rank the thermal stability of explosives and as part
of a thermal analysis. Because of the conplexity of
chem cal deconposition, however, the DTA/ DSC exot herm has no
systematic relationship to the critical tenperature and is
unreliable for estimating safe heating limts. The exotherm
tenperature is always considerably above the critical
tenperature and usually increases with the heating rate of
the test. Were the DITA/DSC exothermis specified as a
standard for control of tenperature, the test heating rate
shall not exceed 10°C per m nute. The DTA/DSC shall not be
used al one (except as specified in paragraph 8.6a(4) of this
chapter) for establishing heating limts.

d. Each facility shall conduct or obtain a thermal analysis of
any expl osives system before the explosive is heated in a
contact operation or in association with hazardous
radi oactive materials as described in paragraph 13.6.2 of
this chapter. A heating limt for the explosives system
shall be established fromthis anal ysis and shal | sheutd be
approved by the EDCExptoestves—Dbevetoprent—Commttee. All
factors in paragraphs a and b, above, shall be consi dered.
Any significant change in the geonetry or an increase in
mass shoul d be considered a new expl osives system For a
contact operation, the maxi mum tenperature should be set at
| east 10°C below the critical tenperature. For heating
expl osives in association with hazardous radioactive
materials, the maxi mumtenperature should be set at | east
20°C below the critical tenperature. Heating to a
tenperature greater than the above specifications may be
approved by facility managenent if a docunented anal ysis of
the explosive s thernmal characteristics indicates that an
acceptable tine or tenperature safety factor is still
present for a specific operation. These operations shall be
conducted renotely.

e. Heating controls for each operation shall be established and
specified in the witten operating procedures. The
speci fied condition should be set at the | owest tenperatures
and heating tines to do the job efficiently and shoul d not
exceed the heating limt for the explosives system \Wen
establ i shing heating controls, consider the heating limt
and the accuracy of the estimated critical tenperature, the
accuracy of the tenperature control equipnent, and the
l'i kel i hood of inconpatible chem cal contam nation along with
ot her operational paraneters.

12.1.2 Heati ng and Dryi ng Equi prment
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a. Heat shoul d be supplied by steam hot water, friction air,
or electrically heated transfer fluid. Tenperatures shall be
limted by redundant, automatic heat controls.

b. In systems heated by steamonly, the requirements for
redundant, automatic heat controls shall be satisfied if the
steam pressure is controlled by a pressure-reduci ng val ve,
pressure relief valve, and thernostatic valve on the system

C. In systens heated by electricity, a nmanual reset secondary
over tenperature evertenpetatture—system consisting of a
controller, fail-safe sensor, and an interrupting device
shall be provided to interrupt the heat supply source in the
event of primary systemfailure. The secondary interrupter
shall be separate fromthe primary interrupter. The upper
limt of the primary controller is determ ned by the desired
operating tenmperature limt. The secondary (override)
controller is set at a higher tenperature but shoul d not
exceed the maxi num tenperature determ ned by the heating
limt specified for the expl osives system as determ ned
in 12.1.1d of this chapter.

d. Vi sual and/or audible alarnms should be provided to alert
operating personnel to abnormal tenperature conditions. The
heati ng of expl osives should be nonitored at all tines.

e. The air or gas used to condition exposed expl osives shal
not be recirculated if directly heated by el ectrical
resi stance el enents.

f. Drying or heating ovens should be vented to a safe | ocation
outdoors. Water wash or filtration of the exhaust may be
required. |If exhaust fans are used, they shall be

interl ocked with the heat source.
12.1.3 Heati ng and Dryi ng Operations

a. Heating and drying shall be perfornmed under the m | dest set
of conditions that will acconplish the task safely and
efficiently. A thermal analysis shall be nmade and a witten
procedure prepared consistent with paragraph 12.1.1—of—thts
chapter. The procedure shall include controls on the nass
and geonetry (thickness of the layer, etc.) of the materi al
that may be heat ed.

b. Except as described in 12.1.3c, below, drying shall be
achieved by circulating a warm dry gas—either air or
i nert—over or through the material.
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Smal | sanples may be dried by placenent ptacing—them in
desi ccators or by subjecting themto vacuum Vacuum drying

of larger itens should be preceded by drying at atnospheric
pressure to renove quantities of noisture or solvent before
vacuumis applied to renmove the final traces of noisture or
sol vent. Expl osives having a vapor pressure exceedi ng

C.

d.

e.

f.

1 x 10 -4 mm Hg at the drying temperature shall not be

subjected to vacuum drying. A cold trap shall be used for
vacuum drying where the vapor pressure of the explosive
unknown.

Formation of a vapor-air mixture within explosive
concentration limits shall be avoided. This can be
accomplished by providing sufficient airflow to maintain a
vapor concentration well below the lower flammability limit
or by using an inert atmosphere. For inert atmosphere,
positive purge shall be used to preclude oxygen leakage into
the unit. If vapor concentrations approaching a flammable
level are anticipated, they shall be monitored. Airflow
shall be controlled to prevent dusting.

When heating explosives whose vapor pressure may cause
undesired condensation of explosives on parts of the
equipment, heating shall be conducted in a manner
controls — condensation of the explosive material s
control should be accomplished by heating the exhaust system
or by circulating the air at a rate that will keep the
explosives concentration below the level at which
condensation could occur.

The proper operation of heater controls shall be verified on
a regular schedule established by site management.

12.2 Pressing

Explosives pressing operations are those in which explosives are
subjected to high pressures to achieve a physical change.

Pressing of explosives formulations is done routinely to

consolidate explosive materials into configurations required for

test assemblies or weapon systems. Two types of pressing
operations commonly performed are isostatic/hydrostatic and punch
and die. The following safety guidelines apply to these types of
pressing operations.

12.2.1 General

a.

Explosives pressing operations shall be conducted as remote
operations.

DCE M 440.1-1
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b. The correct functioning of press interlock systens shall be
verified at regular intervals.

C. Pressing mandrel s, punches, and dies used in expl osives
operations shall be exam ned regularly during periods of use
for evidence of structural failure. Exam nation shall be
perfornmed by suitabl e nondestructive test nethods. Intervals
bet ween i nspections shall be established by site nanagenent
for each tooling design before conmtting the tooling to
use. The inspection interval and updating shoul d be
di ctated by experience with simlar tooling designs and
configurations. Al new or nodified mandrels, punches, and
di es shall be inspected before their first use. At |east
one pressing cycle should be conpleted with nock expl osives
bef ore proceedi ng to expl osi ves.

d. Pressure controllers and indicators shall be calibrated
periodically to ensure accurate control and nonitoring of
pressi ng operations.

e. Press parts that contact explosive materials shall be
t horoughly cl eaned of residual explosives before they are
used with a different explosive formul ation.

f. Tenperature control for heated presses and dies shall conply
with the requirenents of paragraphs 12.1.2a and b of this
chapter.

g. Al'l pressing assenblies shall be designed or procedural
controls established so that the extrusion of explosives
bet ween two mating nmetal surfaces will be mnimzed or
el imnated during the pressing operation.

h. Qperations with expl osive powders should be perforned in a
manner that reduces the |iberation of explosive dust in
order to reduce operator exposure and general room
contam nation. For operations involving |arge amounts of
powders, |ocal exhaust ventilation with a dust collection
system shoul d be provided. Respiratory protection to
prevent inhal ation of explosives dust nmay be required when
adequate ventilation is not avail abl e.

12.2.2 | sostatic/Hydrostatic Pressing

a. Bef ore an el astoneric container or mandrel constructed of a
new material is introduced into a pressing operation (where
it will contact explosives), the material shall be eval uated
for conmpatibility with the expl osives.
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b. Al'l pressing vessels shall be exam ned for evidence of
cracking or other signs of incipient structural failure at
regul ar use intervals by suitable nondestructive test
nmet hods. Examination intervals shall be established by
| ocal managemnent.

C. Bef ore | arge-scal e pressings of new expl osives or expl osives
formul ati ons are nade, these materials shall be eval uated
for thermal stability (see scal eup procedures,

Chapter VIII). "New explosives or explosives fornul ati ons”
refer to those that are "new' to | arge-scal e pressing.
Stability test results shall be used to assist in
establ i shing safe pressing conditions for the specific
pressi ng si ze.

d. For isostatic pressing, procedural controls shall be
established to ensure that:

. an acceptabl e vacuum on the nandrel assenbly can be
obtai ned to prevent adi abatic heating during pressing;
and

. air is bled out of the press before pressurization.

e. Consi deration should be given to the use of fire-resistant

hydraulic fluids. The conpatibility of any new fl uids nust
be checked with the expl osives used.

12.2.3 Punch and Di e Pressing

a. Al'l pressing punches and dies shall be visually inspected
for damage, deformation, and cl eanliness before installation
on a press. Any questionable condition{s) shall be resolved
before the pressing proceeds to ensure that the operation’s
safety is not conprom sed.

b. Al'l punches, dies, and press attachnent fixtures shall be
designed to mnimze the possibility of the punch being
m saligned with the die (resulting in gouging of a die
surface during pressing). Press setup procedures shal
provide for operator verification of proper alignnment before
pressi ng.

C. Punches and di es should be nmaintained in matched sets and
shall be controlled by the responsible user or a
gagi nggatgtng section capable of perform ng the necessary
nmeasurements. A group other than the user shoul d check
critical punch and die dinensions before initial use and at
suitable intervals thereafter. Suitable check intervals for

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



DCE M 440.1-1 I'1-49
2-19-99 Revi sion 8 (Redline Version)

each punch and di e design should be determined as in 12.2. 1c
of this chapter

12. 3 Extrudi ng

Extrusi on operations involve the flow of plastic explosives
materi al under pressure into a cavity in a conponent of an
assenbly. The follow ng general safety guidelines are given for
this type of extrusion operation

a. Extrusi on operations shall be conducted renotely. Contact
extrusion may be perfornmed only when nonexpl osive or nock
materials are to be extruded or when hand-extrudi ng snal
quantities with no netal -to-netal contact. Precautions
shall be taken to prevent personnel from being injured by
the rupture of pressurized equi pnent.

b. The expl osive shall be protected agai nst extrusi on beyond
the tooling cavity. Precautions shall be taken to prevent
foreign material fromentering the expl osives.

C. New desi gns and significant design changes in equi pnent,
tooling, or conmponents shall be tested by nock expl osives
extrusi on before actual expl osives extrusion.

d. Pressure controllers and indicators shall be periodically
calibrated to ensure that proper sealing and extrusion
pressures are being naintained.

e. Extrusion press parts shall be thoroughly cl eaned of
resi dual expl osives remaining fromthe previous operation
before the press is |loaded with a different explosive
formul ati on.

f. Hand- | oadi ng of extrudabl e expl osives is covered in
paragraph 12.8.2 of this chapter.

12. 4 Machi ni ng

Expl osi ves machining is a class of fermng—operations that

i nvol ves—rechaniecat- cutting of the explosive material, often in
conjunction with harder inert materials. There is a p053|b|I|ty
that thernmal Fhermat initiation of the explosive substance due to
heat buildup fromfriction at the cutting surface can occur.
Precautions nust be taken to limt this buildup and to facilitate
the di ssipation of thermal energy.

12. 4.1 Equi pnrent Requirenents
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a. Interl ocks shall be provided for wet nachining operations to
ensure cool ant flow before nmachi ne operation. The cool ant
fl ow shall be nonitored and the equi pnent automatically and
safely shut down if |oss-of-coolant flowis detected. The
i nterl ocks shall be protected fromtanpering and
unaut hori zed di sabling by physical nmeans or supervisory
control

b. The vacuum on vacuum chuck hol ding fixtures shall be
noni tored and interlocked with the equi pnment for automatic
shut down of machining in the event of vacuum | oss.

C. Tool path controls (stops, limts, design patterns, etc.)
shal|l be provided to prevent the unplanned travel path of a
tool or work piece. Equipnment speed and feed rates shall be
controlled and limted by positive neans or secondary
verification

d. Pressure-relief devices should be installed on pneumatically
or hydraulically powered equi pnent when necessary to ensure
saf e operati on.

e. Metal chip waste from nmachi ni ng operati ons shoul d be kept
separate from expl osives waste. Wen this is not possible,
m xed expl osives and netal waste should be conpletely
segregated from unm xed waste and held for separate
di sposal

f. Dull or danmaged tools shall not be used. A cutting too
I nspection and control program shall be established for
expl osi ves machi ni ng operations.

g. Consi deration will be given to using additional safety
control devices (i.e., design patterns, safety tenplates,
chip thickness sensors, tool pressure sensors, etc.),
dependi ng on the type of machining operations, size of
expl osi ves pi eces, types of explosives, etc.

h. The "machi ning overtest"” shall be considered a testing
operation (see paragraph 12.4.4e of this chapter) and shal
be exenpt from equi pnent requirenents.

12.4.2 Contact or Renote Qperations

a. The follow ng expl osives nay be contact machined if a
conpati bl e, nontoxic, nonconbustible coolant is used.
Expl osi ves not listed bel ow shall be machi ned renotely.

. Amat ol
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. Bar at ol
. Bor aci t ol

. Expl osive D
. Cctol with no nore than 75% HWX
. Pentolite (no nore than 50% PETN)

. RDX/ TNT conpositions with no nore than 75% RDX. These
conpositions include: Conposition B, Conposition B-3,
75/ 25 cycl ot ol

. TATB and TATB conpositions with an inert plastic binder
. TNT

b. Expl osi ves assenbl i es conposed of any conbi nation of
expl osives listed in the above paragraph and the foll ow ng
nonexpl osive materials may be contact machined if a
conpati bl e, nontoxic, nonconbustible coolant is used. If an
assenbly contains an explosive not listed in the above
par agraph or a nonexpl osive naterial not |isted below, the
assenbly shall be machined renotely:

f oaned pl astics,

solid plastics,

adhesi ves,

anor phous graphite,

cal ci um sul phate casting powder, or
expl osi ves nockup.

C. On any explosive, with certain exceptions for IHE and for
t hose expl osi ves being nachined by fluid jet (see
paragraph 12.4.2e of this chapter), the foll ow ng operations
shall be perforned renotely:

. drilling of holes smaller than 5 cmin diameter, except
for IHE, where drilling of holes smaller than 5 nm
shal | be done renotely;

. coring operations (except contact operations on those
explosives listed in 12.4.2a of this chapter, when the
requi rements of paragraph 12.4.5b of this chapter are
nmet and a cool ant is used);

. machi ni ng of any netal /expl osives interface;
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. machi ni ng | HE subassenblies with Hazard
Class/Division 1.1 boosters install ed;

. dry machi ning, except that |HE booster pellets may be
contact machi ned provided a dust collection system (see
Section 10 of this chapter) is used; and

. machi ni ng of explosives in Phase Il or earlier stage of
scal eup (see Chapter VII1).

d. Machi ni ng of primary expl osives shall be avoi ded.
Al ternative nethods, such as formng or pressing to final
di mensi ons, should be used to achieve the desired shape.

e. The machi ning of | HE, PBX 9404, and LX-10 nmay be performnmed
contact by high-pressure fluid jet. The fluid-jet system
pressure shall not exceed 20,000 psig. The velocity of the
fluid jet shall not exceed 520 neters per second
(theoretical). The jet nozzle orifice dianeter shall not
exceed 0.010 in. The systemmachining fluid shall be water
and shall not contain any abrasives. See paragraph 12.15 of
this chapter for use of |ow pressure fl uids.

f. Concurrent contact nachi ning operations should not be
permtted in the sane bay. However, concurrent |HE contact
machining is permtted when ot her explosives are not
present.

g. Provi sions shall be nmade for visual nonitoring of renote
machi ni ng operations. Consideration should be given to
vi deo recordi ng and audi o nonitoring.

12.4.3 Setup and Preparation

The follow ng precautions are provided for preparation and setup
bef ore begi nni ng the machi ni ng operati on.

a. Before setting up the expl osive work piece, the equipnent
shal | be checked for proper function and the absence of
i nterference between stationary and noving parts. A nock
expl osive bearing simlar physical properties should be used

b. The expl osi ve conponent to be nmachi ned shal | sheutd be
i nspected by radi ography nethods for cracks, voids, and

hi gh-density foreign objects. —TFhe—exptosive conponent—for

~ RDad: ~ anh Ao N
(JT cCU. \AA U Uy} A V CA JCT

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



DCE M 440.1-1 I'1-53
2-19-99 Revi sion 8 (Redline Version)

used—for—thts—purpose— The conponent shall al so be checked

for proper size.

C. Caution shall be exercised during setup and adjustnent to
avoi d pi nchi ng, dropping, crushing, or otherw se applying
abnormal forces to explosives present. Special care nust be
given to nmounting and centering a part on a vacuum chuck.
Special attention must be given to the proper functioning of
t he vacuum system and its surface hol ding area.

d. Limts on nmachi ne speed, depth of cut, and feed rate shal
be set before the nmachine is activated.

e. Interl ocks shall be functional before the machine is used to
machi ne expl osives. They should be tested once per shift.

12.4. 4 Oper ati ons Gui del i nes

a. The m ni mum tool speed necessary for safe and efficient
operation should be maintained. The foll ow ng nmaxi nuns
shal | apply:

(1) the relative velocity between the expl osives surface
and the cutting tool shall not exceed 65 m per m nute;

(2) work pieces or cutting tools shall not be rotated at
speeds exceedi ng 525 rpm and

(3) the feed rate of the cutting tool or work piece shal
not exceed 1 nm per revol ution.

b. The work piece, fixture, cutting tools, equipnent, floor,
troughs, drains, etc., should be cleaned frequently to
prevent accumul ati on of expl osive wastes.

(1) Approved neasures should be taken to prevent rust and
m nimze deterioration of precision surfaces.

(2) Al tools, equipnment, fixtures, and parts should be
cl eaned before being renoved fromthe work area for
st or age.

C. For contact nachining operations, coolant shall be used to
aid in renoval of heat and cutting waste. Cool ant shoul d be
used for renote operations when practical.

(1) Cool ant shoul d be used on expl osives/inert assenblies.
When the expl osives portion is included in the cut,
cool ant shall be used for contact machining. Cool ant
Is not required if the explosives portion of the

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



I'1-54 DCE M 440.1-1
Revi sion 8 (Redline Version) 2-19-99

assenbly is contained (no bare explosives) and is not
i ncluded in the cut, or the machining is conducted
renotely.

(2) Spray mist coolant may be used during machining of the
expl osi ve-contai ning assenblies if the expl osives
portion is not included in the cut.

d. Al visible explosives shall be renoved fromthe machi ne
bef ore mai ntenance or repairs are performed. No saf eguards
or interlocks of any kind shall be renoved or nade
I noper at i verreffeective, except by authorized personnel.

e. Before submtting an explosive for contact machining
approval , a machi ni ng overtest program shall be conducted to
identify the nmachinability and associ ated hazards. These HE
qualification tests should be perfornmed in facilities set
asi de for these purposes.

(1) Machining overtests shall be conducted renotely.

(2) Operations perfornmed during sanple preparation may
i ncl ude gagi nggatgi-ng and assenbly, but shall not
I ncl ude any contact cutting, scraping, or other
mat eri al -renovi ng operati ons on the expl osives
speci nens.

12.4.5 Speci fic Machi ni ng Operations
a. Drilling

(1) Drilling operations should be set up to nmaxi m ze the
ease of achieving and mai ntaini ng proper alignnent and
to facilitate renoval of explosives chips, fines, and
powder .

(2) Length of fluting on the drill bit shall exceed the
depth of the hole to be drilled by a mnimmof 1.3 cm
or one hol e di aneter, whichever is greater

(3) The depth of a hole shall not be extended nore than
1.5 tinmes the hole dianeter (up to a maxi numof 2 cn
during a single insertion of the drill into the
material. After each insertion, it nay be advisable to
withdraw the drill conpletely and renove | oose
expl osives fromthe cavity and drill bit before
rei nserting.

(4) Coolant flow (when used) shall be directed to the
expl osives/cutting edge interface. Drill bits

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



DCE M 440.1-1 I'l1-55
2-19-99 Revi sion 8 (Redline Version)

havi ngthat—have cool ant channels to the tip of the
drill should be used. Pulsating htrgh=pressure types of
cool ant supplies are recormmended for drills of 6-mm

di ameter or less to renove drill fines.

b. Cori ng

(1) Coolant flow (when used) shall be directed at the
expl osi ves/ cutting edge interface.

(2) The coring will be acconplished in increnents if the
hole is not positioned to provide continuous breakout.
When done in increnents, no nore than 1.5 tinmes the
di aneter of the hole shall be cored at one tine.
Bef ore t he maxi num di st ance has been cored, the tool
shall be totally retracted fromthe hole and cl eaned.
The hol e shall be flushed with cool ant.

C. Sawi ng

(1) The feed rate of the saw bl ade or work piece shall not
exceed 7.5 cm per m nute.

(2) For band saws, coolant flow should be directed onto the
saw bl ade at the cutting interface, guide rollers, and
the drive wheel/saw bl ade interface. For circular
saws, the coolant flow should be directed at the
expl osives/cutting edge interface.

12.5 Dry Screeni ng

Screening of dry explosives is often required for size
classification or to renove extraneous objects. Use of magnetic
separators is often advisable for renoval of ferrous materials
that nmay have passed through the screens. The foll ow ng

gui deli nes shall be observed for screening operations and

equi pnent .

a. Screeni ng operations using mechani cal screens shall be
performed by renote operations. Equi pnment shall be designed
and operations performed to avoid subjecting expl osive
materials to pinching, friction, or inpact.

b. Screeni ng snmall sanples nmay be perforned as a contact

operation if approved by witten procedures—where—approved
Dot .

C. Equi pnrent shall be electrically bonded and grounded.
Resi st ance-to-ground shall be 10 ohnms or | ess and shall be
i nspected on a regular basis. Equipnent used to transfer
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el ectrostatic-sensitive explosives to or fromscreens shall
be conductive and electrically bonded to the screen during
transfer.

d. Operations and equi pnent shall be set up to mnimze and
control dust generation.

e. The operating area and equi pnent therein shall be cl eaned
frequently to avoid accunmul ati on of expl osives dust.

f. Precautions shall be taken to prevent netal -to-netal rubbing
during vibration of the screens. Particular attention shal
be paid to frequent inspection of vibrating equi pment for
devel opnent of cracks subject to contam nation by
expl osi ves.

12. 6 Bl endi ng

a. Dry bl endi ng of expl osives shall be perforned renotely.
However, dry, hand bl ending of small sanples may be
perforned as a contact operation when approved by facility
managenent .

b. Equi pnrent shoul d be desi gned and operations perfornmed to
m nimze generation and di spersion of explosives dust.

C. Equi pnent shall be electrically bonded to provide a
conti nuous path-to-ground. Resistance-to-ground shall be
10 ohns or less and shall be inspected on a regul ar basis.
Equi pnrent used to transfer electrostatic-sensitive
expl osives to or fromblenders shall be conductive and
el ectrically bonded to the blender during transfer.

12.7 Melting
a. The heat for nelting explosives shall be supplied by

saturated steam hot water, or other tenperature-controlled
medi um  The steam pressure shall be controlled in
accordance with paragraph 12.1.2b of this chapter.

b. Tenperatures used for contact melting of TNT-based
expl osi ves [except those containing PETN (e.g., pentolite)]
and keeping themnolten shall not exceed 121°C. The
tenperature imt for TNT expl osives containing PETN shal
be 109°C

C. Feeding of the nelt kettle and the nelting operation shal
be controlled or regulated to prevent the formation of |arge
chunks of expl osives.
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d. Al arnms shall be provided on the nelt tenperature and on nelt
kettle agitation when the operation will be |left unattended.

Al arms shall sound if the tenperature exceeds the
speci fications of paragraph 12.7b, above, or if agitation
ceases.

e. \Wher ever possi ble, valves, piping, and threaded bolts and
fasteners should be elimnated fromnelted expl osives
handl i ng systens.

f. Provi si ons shoul d be made for emergency enptying of nelt
kettles in the event of tenperature control problens or
power failures.

g. Melt kettle construction materials shall be corrosion
resistant. Construction shall not contain blind hol es,
t hreads, or cracks in areas exposed to nelted expl osives.
Wel ds shall be inspected and found free of cracks and
porosity.

12.8 Assenbly and Di sassenbly

During assenbly and di sassenbly operations, hand tools and

el ectrical and pneunmatic tools that may subject the explosives to
abnormal frictional forces, pinching, or excessive pressure, or
cause significant deformation, shall not be used. They may,
however, be used on nonexpl osi ve components.

12.8.1 Assenbly Operations

During assenbly operations, the operator should be alert for

m smat | nga-stratehing parts and m sal i gnnment of conponents. Hard
surfaces contacting expl osives shall be precisely nmachined to
mate with the explosives or lined with cushioning material, or
ot her methods shall be used to keep sharp corners or projections
from being forced into expl osives.

12.8.2 Loadi ng Assenblies with Plastic or Extrudable
Expl osi ves

a. The workability and plasticity of plastic and extrudabl e
expl osives inproves with an increase in tenperature.
Pl asti c expl osive Conpositions C3 and C4 nmay be softened
by warm ng to between 21°C and 38°C before working.
Extrudabl e expl osi ves LX 13 and Extex shoul d be kept as cool
as practical to prevent prenature curing.

b. Cont am nati on of these explosives with abrasive or foreign
subst ances shall be avoi ded.
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C. The assenbly shall be |oaded with small increnments of the
expl osive and nay be tanped with suitable non-netallic tools
to elimnate air voids.

12.8.3 Di sassenbly Operations

a. Bef ore begi nni ng di sassenbly, the condition of the device
shal|l be assessed to determne if it can be safely handl ed.

b. The di sassenbly operation shall be planned before actual
di sassenbly. Possible problem areas caused by nethod of
construction or physical condition shall be considered. A
safety procedure for all disassenbly shall sheutd be witten
and revi ened.

C. Pressurized units shall be thoroughly depressurized before
begi nni ng di sassenbly, if disassenbly would normally cause
rel ease of the pressure or if there i1s a credible hazard of
t he pressure causing conponents to fly apart.

d. I f approved for use, conpressed air shall be applied
cautiously during disassenbly operations to avoid causing
conponents to fly apart. This nmay require renote operation.
Use hydraulic pressure if possible.

12.8.4 Personnel Protection for D sassenbly Operations

a. The operator and all other personnel shall be provided
conpl ete protection from di sassenbly operations involving
conditions that are known or expected to require the use of
abnormal force. This requires either renote operation or
the use of an operational shield. The shielding shall be
designed to protect personnel at any other operation or
| ocation fromblast and mssiles arising froma possible
expl osi on.

b. When disassenbly is required to be perfornmed with the
operator protected by an operational shield, disassenbly
shall be defined as conplete separation (threads or other
connections) of conponent parts. For exanple, parts shal
not be | oosened while the operator is properly protected and
then separated w thout the sanme protection

12.9 I nspection

This section deals with the follow ng types of expl osives

i nspection operations: (1) inspection of incom ng explosives raw
materials and pressed explosives billets for foreign bodies or
cracks that could cause operating or safety problens in
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processi ng operations; and (2) measurenment of physical paranmeters
of expl osives pieces and assenbli es.

a. To enhance the safety of process operations, positive steps
shal |l be taken to assureenstre that explosives used are
properly identified and that foreign material is kept from
entering the operation via the explosives raw materials or
via materials in process (i.e., pressed explosives billets).
Sone of the nmeans by which this can be acconplished incl ude:

screeni ng,

vi sual inspection,

magneti c separation,
radi ogr aphi ¢ i nspection, and
chem cal anal ysi s.

b. In the design and operation of explosives inspection
equi pnent, the follow ng principles shall be foll owed.

(1) Pinch points shall be elimnated or steps taken to
precl ude expl osives contam nati on of pinch points.

(2) Threaded fasteners or threads of neasuring equi pnent
shall be protected from expl osives contam nation. Care
shall be taken to prevent any parts of the neasuring or
handl i ng equi prent from becom ng | cose and getting into
t he expl osi ves.

(3) Wiere inspection fixtures are used, they shall be
designed to hold the expl osives piece or assenbly
securely to prevent toppling, rolling, or dropping
duri ng neasurenent operations. This is especially
critical if the explosives assenbly is in notion
(i.e., spinning, vibrating, etc.) during measurenent.

12. 10 Synt hesi s

Synt hesi s and ot her chem cal processing of new expl osives

conpounds are ongoing activities at DOE weapons facilities.

Synt hesi s operations are conducted both on | aboratory and pil ot

scal es, and new operations and materials wll be approved by the

Expl osi ves Devel opnent Committee (EDC, Chapter VIII) {EBE—see
. In the | aboratory, the new nmaterial wl]l

initially be prepared on a small scale and characterized as to

sensitivity, physical, and expl osive properties. Also, the

| aboratory will devel op processing techniques for the material.

If the explosive is of continuing interest as a result of the

| aboratory studies, it may be advanced to the Pilot Plant where

processi ng techniques will be refined and scaled up. The Pilot
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wi Il produce sufficient material for |arger scal etarger—

secale physical, explosive, and sensitivity characterizations.

12.10

a.

12.10

a.

.1 Laboratory-Scal e Synthesis

Before initiation of work, the professional staff nmenber who
is directing or conducting the synthesis work shall analyze
each experinment involving explosives or potential explosives
for type and nagni tude of hazards. This staff nenber shal
be responsible for planning the proper selection of
conditions, quantity of explosives, and safety devices to be
enpl oyed.

Experiments shoul d be designed to mnimze the anmounts of
expl osives involved and to use the mldest conditions that
wll yield the desired infornation.

New expl osives materials shall be afforded extra protection
agai nst inpact, pinching, friction, pressure, sparks,

contam nation, and deterioration. |If it is necessary to
subj ect expl osives to any of these conditions, the operation
shal | be conducted renotely or adequate personnel shielding
shal | be provided.

.2 Pilot- or Processing-Scale Synthesis

When operations are conducted using flammable or toxic

i quids or gases, |ocal ventilation shall be provided to
preclude the formation of hazardous vapor concentrations in
t he work area.

Al arns shoul d be provided for coolant flowto the reactor,
for reaction vessel agitation, and for reactor tenperature.
These al arns shoul d be energi zed whenever cool ant supply or
agitation is critical to prevent a runaway reaction. Al so,
if agitation is critical, the reactor should be equi pped
with at |least two sources of power to maintain agitation in
the event of failure. For exanple, a reactor m ght enpl oy
an air or inert gas bubble tube as a backup for a nechanica
agitator.

The reaction vessel should be equi pped with an energency
system Upon activation, it will automatically cool the
vessel or open or close a vessel dunp valve as required by
the process. Contact operations should be conducted with a
manual mneans of activating the energency system

The buil di ng exhaust ventilation system shall be operating
during all synthesis operations involving flammable |iquids.

Redl i n
t hr oug
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e.

An al arm or nonitor should be provided for the critical
exhaust ventilation systemto warn operating personnel if
air flowrates drop bel ow a predeterni ned | evel

Emergency plans shall be established for the synthesis area,
speci fying action to be taken in the event an al arm sounds.

Bef ore operating, all equipnment shall be set up and checked
for proper function. Any new equi pnent, or equi pnent that
I's not used frequently, shall be tested in a "dry run"

bef ore being used with any hazardous naterial.

Al'l explosives synthesis process equi prent shall be

I nspected and mai ntai ned on a routine basis. Equi pnent
found to have any defects that could affect safe operations
shall be tagged to prevent its use until repairs are
conpl et ed.

Bef ore any process operation is started, the transfer |ines
to be used should be properly | abeled and their function
specified in the operating procedure.

Transfer hoses and portabl e equi pnent not involved in the
process shall be renoved fromthe work area and stored in
t heir proper places.

Al'l control valves shall be correctly identified according
to function.

Saf ety equi pnment and clothing shall be worn as defined in
t he individual operating procedures.

Agi tator bl ades on reactors and m xers shall be inspected
for proper clearance at regular intervals. This is to
ensure that there are no pinch points or netal-to-netal
contact. The inspection schedule shall be set up and
approved by local facility managenent.

Expl osi ves warni ng signs shall be conspi cuously displayed on
any processing vessel in which explosive materials are to be
| eft overnight.

Any vessel that can be seal ed and that can operate above
at nospheric pressure shall be equi pped with overpressure
protection.

Al'l closed vessels should be purged with inert gas before
i ntroduci ng fl amabl e |i qui ds.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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g. I nert gas pressure should be used for transferring flammabl e
| i qui ds when gravity flow or punping are not practical.

12. 11 For mul ati on

Fornul ati on operations considered in this section are those

i nvol vi ng the conbi ni ng of conpounds or m xtures when one or nore
of the ingredients being conbined is an explosive. This

combi ning of ingredients is conmonly acconplished at DOE

expl osives-handling facilities to obtain sone desired physical
property, conbination of properties, or reaction paraneter(s).

12.11.1 Gener al

a. Expl osi ves may be | oaded as a contact operation (operator
attended) into mxers, mlls, and deaerators. However, the
starting, operating, and stopping of such equipnent with
expl osi ves present shall be acconplished renotely.
Exception: mxing-type operations involving a | ow energy
transfer may be allowed as a contact operation. Exanples:
slurry coating and nelt agitation.

b. Equi pnent used for explosives formul ati on shall be checked
for proper operation before adding explosives. In
particul ar, equi prent shall be exam ned for proper
cl earances and for netal -to-nmetal rubbing of noving parts
potentially contacting expl osives. Bearings should be
seal ed to preclude contam nation wth expl osives.

C. Fast-action deluge systens shall be considered for equi pnent
(e.g., mxers, mlls, and deaerators) used for easily
i gni tabl e expl osives fornul ati ons.

d. Hot or cold water or steam can be applied to m xers and
mlls, but heating fluid tenperatures shall not exceed known
safe operating tenperatures for the particul ar expl osive(s)
involved. In the case of roll mlling, allowance shall also
be nmade for viscous shear heating of the explosives during
wor ki ng. Heated systens shall conply with the requirenents
of paragraphs 12.1.2a and b of this chapter.

12.11.2 M xi ng

a. M xer seals and gaskets shall be checked on a regular
schedul e and cl eaned or replaced as required.

b. Checks shoul d be nmade to ensure that maxi mum particle sizes
of ingredients or hard aggl onerates of proposed m xes are
| ess than the bl ade-to-blade or bl ade-to-bow clearances.
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C. Initial cleaning with solvents used for dissolving or
suspendi ng the expl osives residues shall be done renotely
(other than nmelt-mx or slurry coating vessels).

d. Expl osi ve powders and pl asti c-bonded expl osives formul ati ons
may be m xed wet in a contact operation. This can be
acconplished if the wet m xture cannot be initiated with
energy sources available and +f—the viscosity is kept |ow
and the possibility of isolated portions of the m x becom ng
dry is precluded.

12.11.3 Ball or Jar MIling

a. Balls that are porous or contain cavities shall not be
permitted in mlls for grinding explosives.

b. Ginding nedia contam nated with explosives slurry shall be
protected from excessive inpact during enptying of the mll.

C. After grinding, a careful inspection shall be nade to ensure
that the explosive is free of grinding nedia. Dispose of
any expl osives contam nated wi th broken nedi a.

d. After separation of the explosive, the grinding nedia shall
be thoroughly cl eaned and i nspected before reuse or
di sposal

12.11. 4 Roll MI1ling

a. Positive stops should be installed on roll mlls to prevent
rolls fromrubbi ng each ot her.

b. Before a mlling operation is started on a roll mll, the
contact of the scraper blade with the roll should be
adjusted to the m ninum pressure necessary to performthe

oper ati on.
C. Rol | gaps should be set as wi de as possible while still
al | owi ng adequate working of the material. M ninmum gap

setting shall be 0.1 mm

d. Roll rpm should be held at the mninumrequired to process
the material adequately.

e. Al roll mlls that may be contact operated (e.g., with
nonexpl osi ve nmaterials) shall be equi pped with enmergency
stop devices (breaker bar, chain) within easy reach of the
oper at or.

12.12 Concurrent Contact Operations
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Arrangi ng expl osives operations so that each operation is
performed in a separate |location to preclude any adverse
operation interaction is preferred. Since such an arrangenent is
frequently inpractical, concurrent operations nay be permtted if
the follow ng conditions exist.

a. Pot enti al equi prment - operator interactions between the two
oper ati ons have been analyzed and the risk is not
appreci ably greater than that for both operations considered
separately.

b. Expl osive nmaterials in either operation are not exposed to
stress conditions such as elevated tenperature (nelting or
heat conditioning), elevated pressures (pressing or
extrudi ng), or deformation/shear (machining or cutting).

C. M xing of materials in the concurrent operations wll not
create conpatibility problens.

d. Each operator is aware at all tinmes of concurrent operations
i n thelrhirs—oer—her area.

12.13 Cont am nation Prevention

a. When two or nore inconpatible explosives or materials are

handled on a line or within a building or room precautions
shall be taken to avoid nmutual contam nation. This includes
vacuum systens and expl osives scrap collection. |nadvertent
m xi ng of inconpatible explosives materials can be hazardous
not only to manufacturing facilities and personnel but also
to the user if such materials are | oaded into expl osives
devi ces.

b. When two or nore explosives are used in aline or wwthin a
bui I ding and m xing is not intended, the materials shall be
segregated in separate |ocations. The containers shall be
clearly marked with the wei ght and contents identification.
Care shall be exercised to properly segregate material in
service magazines as well as in operating buildings.

C. When a different explosive is to be used in process
equi pnent, the equi prent shall be thoroughly cleaned, and
excess explosive fromthe previous job should be renoved
fromthe bay. This elimnates the hazards caused by m xi ng
mat eri al s.

d. I n any expl osives operation, all permanent service |ines
shall be | abeled as to contents. All valves and sw tches on
service |lines whose operation can result in a hazardous
situation shall be | abeled as to function.
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12. 14 Hand- Cutti ng and Fi ni shing Operations

Hand-cutting and finishing may include cutting, trinmmng, coring,
and | appi ng (surface polishing) explosive materials. Hand
operations shall be performed using the m | dest energy input that
wi Il acconplish the task safely and efficiently. The safety of
hand-cutting and finishing operations shall be reviewed by the
facility’ s EDC, approved and incorporated into an operating
procedure prior to perform ng the operation.

12. 15 Use of Low Pressure Fl uids

Low pressure fluids (liquid pressure less than 1,500 psig) nmay be
handl ed as in a contact operation to aid in explosives

di ssolution, rinsing, systemflushing and sim | ar operations
under the foll owi ng conditions:

a. The fluid systemshall have a pressure relief device
installed to prevent the system from being over pressurized.

b. Low pressure fluid operations may be used with those
expl osi ves that have inpact sensitivity properties |ess
sensitive than PETN. Such operations may be used on ot her
expl osives only after analysis of the energies involved.

C. Sol vents nust be conpatible with the expl osive materi al
Controls for their use nust be specified in operating
procedur es.

d. See paragraph 12.4.2e of this chapter for use of pressures
above 1,500 psig.

13. 0 TESTI NG

13.1 Ceneral

This section covers the follow ng types of testing operations.

a. Expl osi ves test shots, gun firings (both small arns and
| arge caliber), and environnental, physical-property, and
sensitivity testing of explosives specinens.

b. Expl osi ves-rel ated experinments or tests for which the
expl osive material is used to provide desired results such
as a seismc yield, overpressure effects, pulse energy, or
ot her special applications.

13.2 Test Pl anni ng

13.2.1 Hazards Anal ysi s
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a. Every proposed testing program shall be exam ned for all
foreseeabl e hazards involved in the test. This shall be
done with a know edge of the construction and operation of
all standard and nonstandard equi pnment to be used, as well
as the type of explosives involved.

b. Those tests that are unique in their application or pose
obvi ous hazards shall adhere to the requirenents contained
in Chapter VII, Section 2.1.

C. In the case of large-scale tests that have the potential for
propelling mssiles off Governnent |and, a formal risk
anal ysis of worst-case conditions for each different test
type shall be perforned. Such analysis shall address both
the probability of a hazard occurring and the potenti al
severity of the hazard with respect to injury and property
damage.

13.2.2 Firing Areas

a. A secured firing area (danger zone) shall be established for
each test to ensure that personnel are not exposed to
hazar dous bl ast overpressure, firebrands, fragnments, or
projectiles froman expl osives shot or gun firing. The
danger zone can be determ ned by the application of the
principles outlined in DoD 6055.9 Chapter 5, Section E. 4.

e——Firing areas shall be selected so as to mnimze adverse

ef fect s t onet—adversety—affect the environnment ander—have—=a
potential for causi ngte—catuse secondary fires.

13.3 Test Firing
13.3.1 General Range Standards

Procedures shall be established at each DOE expl osives test site
to ensure that no site personnel or transients are exposed to
firebrands, fragnments, or excessive blast overpressure froma
test shot. |In establishing these procedures, the follow ng

gui del i nes shal |l be consi dered.

a. Personnel access to each test site shall be controlled
during actual testing operations. |f unattended roadbl ocks,
gates, or doors are used to prevent personnel fromentering
t he danger zone during a test, they should be interlocked or
| ocked with specially controlled keys.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



DCE M 440.1-1 I'1-67
2-19-99 Revi sion 8 (Redline Version)

b.

All firing site personnel and visitors shall be accounted
for and in a safe place before test firing.

A visual inspection of the danger zone shall be perfornmed
I mredi ately before each test shot or series of shots as
applicable, to ensure that no transients are present.

The danger zone shall be free of service personnel (such as
t el ephone repairnmen, surveyors, road naintenance

crews, etc.) during test operations. The control point
shall notify service personnel of the specific requirenents
under which they may safely work when testing is not in
progress. In addition, the control point shall notify
firing site personnel of the presence and | ocation of

servi ce personnel in their areas.

Clearance for a test or test series shall be coordinated
with all test sites and other potentially affected areas. A
war ni ng shall be provided to every affected area i medi ately
bef ore each firing.

Det onati on of very |large explosive shots, nunerous smaller
shots, or gun firings may result in hearing danage and may
exceed the DOE allowable limts for inpulse noise. Perform
a noi se evaluation of these activities to ensure that
adequat e hearing protection is provided to those invol ved.

During test operations, all personnel assigned to the test
area shall be continuously alert for novenent of personnel,
vehicles, and aircraft.

Test firings often create hazardous conditions for aircraft

operating in the airspace near the danger zone. |If this
airspace is periodically subject to air traffic, precautions
shall be taken to ensure that the airspace will be clear of

traffic at the tine of firing.

Each firing site shall establish personnel Iimts based on

t he nunber of people actually needed to conduct an operation
and the nunmber of transients that should be present. These
personnel limts shall be enforced by the responsible person
at the firing site.

Testing of explosives can result in personnel exposure to
toxi ¢ deconposition products such as carbon nonoxi de,
hydrogen chl ori de, hydrogen fluoride, hydrogen cyani de, and
nitrogen oxides. It is good practice to allow the
detonation cloud to di sperse before | eaving protective
bunkers. Fragnent-danger-zone di stances are normal ly
adequate to all ow cl oud di spersal and protect outside

per sonnel from excessive exposure.
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K. If the nature of a proposed test is such that hazardous
conditions of abnormally |ong duration may exi st follow ng
the test, the procedure shall require a suitable waiting
peri od before personnel |eave their shelter or safe haven
ar ea.

13.3.2 Test Setup

In setting up a test, all work should be done that can be done
before recei pt of the explosives. Such work includes the
follow ng itemns.

a. Al'l firing site safety devices shall be checked at regul ar
intervals. Such safety devices include warning |Iights, door
and gate firing circuit interlocks, emergency firing circuit
cutof f switches, grounding, etc. (including those that are
remote fromthe firing bunker).

b. Al'l firing pad and shot stand setup work that requires power
tools or other potential spark-producing devices should be
conpleted. The firing pad shall be cleared of al
unnecessary gear. Special precautions and procedures wl|
be devel oped and i nplenented if power tools or other
spar k- produci ng devi ces are needed after the expl osive has
been received at the firing pad.

C. If a special structure is required, as nuch work as possible
shoul d be acconplished on the structure, including assenbly
of all materials.

d. When possi ble, all diagnostic equi pnent shall be set up,
checked, and dry runs perforned.

13.3.3 Pin Switches and G her Noninitiating Grcuits

Whenever pin switches and other noninitiating circuits are to be
checked (such as for charging current or |eakage) and are in
contact with or close proximty to explosives, the check should
be performed renotely. Oher noninitiating electrical circuits
i ncl ude strain gauges, pressure transducers, thernocouples, etc.,
that may be affixed to or close to the explosives within an
assenbly. If a continuity-only (resistance) check is desired,
this may be acconplished as a contact operation with an

el ectrical instrunent approved for use with the particul ar

expl osive device. Wen lowfiring-current actuators are

i nvolved, it nay be advisable to conduct these tests renotely
(see paragraph 13.8 of this chapter).

13.3. 4 Li ght ni ng Storns
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Al'l operations in open, test-firing areas shall be discontinued
during lightning stornms when expl osives are present. Conpletion
of a test after receipt of a lightning alert may be allowed only
If test preparation has progressed to the extent that

di sconti nuance of testing would represent a greater personnel
exposure than conpl etion of testing.

13.3.5 Low Ener gy El ectroexpl osi ve Devi ces

When using hot-wire or | ow energy el ectroexpl osive devices (EEDs)
for a test firing, apply the foll ow ng requirenents.

a. Procedures shall be established to ensure that RF, FM and
television transmtters that have sufficient output energy
toinitiate an EED at the test site are either restricted to
a safe distance fromthe site or not operated. Tables Il-1
I1-2, and 11-3 specify mninumsafe distances for the
various types of transmtters at several output power
| evel s.
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Maxi mum power for amateur radio nobile units.
9 Maxi mum power for sone base stations in 42- to 44-MHz band and 1.6- to 1.8-MHz band.

Table 11-2. M ninum safe di stances between TV and FM
broadcasting transmtters and el ectric blasting operations.

M ni mum saf e di stances (feet)

Effective radiative Channel s Channel s UHF
power (watts) 2-6 & FM 7-13
b. Bl asting caps and other lowfiring-current igniters or

detonators shall be kept separate from expl osives at all
times, except during actual test charge assenbly and setup.

C. The entire wiring system of the expl osive charge and of any
lowfiring-current initiators shall be kept insulated at all
times fromevery possible source of extraneous current
except for weapon conponents that have an exposed el ectrical
ground by design. Connections that are nade using weapon
W ring connectors and/or cables are acceptabl e w thout

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.



DCE M 440.1-1 I1-71
2-19-99 Revi sion 8 (Redline Version)

further nodification. Shunts shall be left on all

| ow-energy initiators or lead wires until actual connections
are to be made. Connections shall be taped or otherw se

I nsul at ed.

d. Test units containing lowfiring-current actuators or
detonators shall be clearly marked. No contact operations
i nvolving electrical testing shall be permtted on this type
of unit unless an electrical nmeter for the specific
application is used.

13.3.6 Expl osives Storage in Firing Areas

a. Expl osives or ammunition storage at a firing area shall be
| ocated such that ignition or detonation is inprobable in
case of a fire, er—unplanned expl osion, or detonation in the
ar ea.

b. Those tests that require explosives or ammunition to be
stored at the firing site beyond a day’ s event shall conform
to the requirenents of Section 17 of this chapter.

13.3.7 Warni ng Signals

Each DOE expl osives testing facility shall use standard audi bl e
signal s to warn personnel of any |nﬁend|nP_f|r|n in a test area.
Signal s shall be established by each facility and approved by
facility managenent.

13.3.8 Grass Fires

Eval uation shall be nade before a test shot outside firing pads
to determne the necessity to control any grass fires that may be
initiated by the test.

13.3.9 Firing Leads

Al'l detonator lead wires shall be electrically insulated. Firing
| eads or cables of |ow energy detonators for explosive assenblies
shal|l be kept properly shorted during setup on the firing point.

13.3.10 Unat t ended Test Assenblies

If necessary, a test assenbly may be left unattended on the
firing pad during off-shift hours under the follow ng m ni num
condi tions.

a. I f explosives are present, appropriate safety warning signs
shal |l be displayed at all entrances to the firing pad.
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b.

13. 3.

13. 3.

Protective services and fire department personnel shall be
notified of the explosives location. This location nust be
in a controll ed-access or secured area.

If | owenergy detonators are present on the assenbly, their
| eads or cabl es shall be short ed.

11 Postfiring Controls

If the firing appears to be normal, a suitable waiting
period shall be observed before test personnel |eave the
protective shelter. The waiting period shall be sufficient
to assureenstre adequate dissipation of snoke and dust and
shall be specified by the facitityor—test procedure. In
sone cases, it may be hel pful to devel op and anal yze the

di agnostic filmfor msfires.

During the waiting period, all power to the firing units
shall be turned of f or disconnected. Wenever possible,
det onat or cabl es shoul d be di sconnected fromthe firing
uni t s; and shunt ed;- and grounded, and the firing unit
capaci tor grounded.

After the waiting period, one qualified operator or
technician shall inspect the firing pad in person or by
renote TVtelevisiton to determne the results of the shot
bef ore ot her personnel |eave the shelter.

I f the inspecting operator personts certain safe conditions
exist, the | ead operator shall signal "all clear.™

After any test msfire, suspected msfire, or partial
detonation, the firing area shall be inspected for unreacted
expl osives after the mnimumwaiting period (see

Section 13.7 of this chapter).

Recovered expl osives froma destructive test shoet shall be
pl aced in an expl osives storage nmagazi ne as Storage
Conpatibility Goup L unless a docunented determ nation is
made t hat the eprOS|ves do not present a speC|m

12 Cont am nation of Firing Areas
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Most test firing areas are subject to explosives contam nation
due to inconplete detonations or to detonation failures when the
expl osi ves are subjected to varying forms of energy input. Most,
but not all, of this contamination will be cleaned up in the

post shot inspection of the test sites. The follow ng steps shal
be taken to reduce the hazards fromresi dual expl osives
cont am nati on.

a. The contam nation zone for each firing area shall be
establ i shed and pernmanently annotated on facility site
pl ans.

b. Personnel access to expl osives-contam nated areas shall be

controll ed.

C. Service personnel shall not work in the area w thout the
perm ssi on of testing-area managenment and only when
supervi sed by a person approved by nanagenent.

13.3.13 Test Range Firing Grcuit Criteria

The followng criteria are guidelines for the design of
electrical circuits that are used to armand initiate squibs,
igniters, detonators, and simlar el ectroexpl osive devices (EEDs)
during test firing activities.

a. The fire control circuit shall include both an ARM swi tch
and a FIRE switch. 1In the case of |owfiring-current
initiators, the safe node of the armng circuit should not
only interrupt the firing circuit, but also short-circuit
and ground the EED terminals. Manual shorting and grounding
Is permtted.

b. Every electrical ARMand FIRE circuit on a test range shal
i nclude an interlock device consisting of a safety plug or a
key-operated switch to prevent inadvertent energization.

C. The safety plug design and configuration shall be unique for
its application and use to prevent unauthorized or
accidental activation of a firing circuit. Key-operated
switches for ARMand FIRE circuits shall be designed to | ock
in the safe (off) position when the control key is renoved.
Duplicate keys or safety plugs shall not be permtted in any
one test area.
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d. During shot-preparation operations, the key or safety plug
for a firing site shall be in the control of the |ead
operator at all tinmes.

e. Al'l FIRE control circuits in test operation areas shall be
properly docunented for operational control purposes.
Docunent ati on shall include conplete wiring diagrans,

el ectrical schematics, and cable function lists. Al
changes or nodifications to FIRE control circuits shall be
reviewed for safety and approved by other appropriate
departments before being incorporated into the circuits.

f. Each FIRE control circuit shall be adequately isolated from
all other circuits. A shielded, twisted pair of wires with
an outer insulating jacket or coaxial cable should be
enpl oyed for each circuit.

g. Al'l programrers (sequential tiners) used in firing circuits
shall be "fail-safe.” That is, failure of a conponent or
circuit must not energize the firing circuit.

h. Test current fromthe electrical instrunents used to perform
resi stance checks shall not exceed 10% of the no-fire rating
of the EED in the circuit.

i Firing circuits shall be clearly marked or otherw se
identified in a distinctive manner, and shall be installed
so as to prevent their inadvertent energization by other
circuits.

13.4 Test Firing in Tanks or Chanbers

Smal | quantities of explosives may be detonated in cubicles or in
pressure vessels. The follow ng requirenents apply to such
vessel s.

a. The firing vessel and flanges shall be capabl e of
wi t hstandi ng and confining the effects of the expl osion and
properly saf eguardi ng personnel. \Wen new firing chanbers
are designed and put into service, a safety factor to their
operational weight limt nust be included during
certification testing. This overtest |oad should be based
on a percentage of the operational explosives weight limt.
For exanple, a certification test should be performed with
an appropriate explosive material weighing 125 percent TNT
equi val ency of the intended operating limt.
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b. The firing circuit should be interlocked with the vesse
access door latch in such a manner that the door nust be
cl osed and | atched before the expl osive can be fired.

C. | nspections of the vessel by qualified engineering personnel
shall be nade periodically to ensure that structural
integrity is nmaintained after repeated detonations.

d. Test firing is often conducted inside |arge contai nnent
vessel s that allow personnel entry but provide a confined
wor ki ng space and linmted egress. The requirenents for
ventilating and evaluating the atnosphere of the tank or
chanber before personnel entry nust be included in the SOP.

13.5 @un Firings

a. No work, adjustment, or observation shall be permtted on
any gun while a live round is in the firing chanber. The
only exception is to check azinmuth and el evati on.

b. Precautions shall be taken to protect against errors in
assenbly or preparation of equi pnent and amunition that may
create hazards to personnel or equipnent. |In particular,
the follow ng areas shall be checked.

. Adequate filling of hydraulic recoil mechani sns.
. Safe function of the firing mechanism (Firing

nmechani sns shall be tested before use, particularly in
the case of electric firing nechanisns, to ensure that
nmere insertion of the round or closing of the breech
wll not result in firing.)

. Absence of obstructions in the bore.

C. Wth the exception of manually fired small arns, test
weapons shoul d be equi pped for renpte control of the safety
and for renote cocking. The safety shall not be advanced to
the fire position and the weapon shall not be cocked until
all personnel are in a safe |ocation.

d. GQuns used to fire projectiles at expl osives targets shal
neet the following criteria.

(1) The gun shall be rigidly mounted in such a way that the
I npact area i s defined and controll ed.
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(2) The target shall have an adequate backstop

(3) Provision should be made for renotely noving the gun
renmotely renoving the propelling charge, or renoving
the explosives fromthe line of fire in the event of a
gun msfire.

(4) Provisions shall be nmade for the collection and renova
of undetonated expl osives fromthe chanber or area.

e. When hydrogen gas is used in the firing of a light gas gun,
the operation shall be renote while hydrogen is present in
the gun pressure tanks or in the gun barrel and catch tank
after firing. The hydrogen shall be purged fromthe entire
systemwi th inert gas and the atnobsphere checked before
personnel are allowed to reenter the gun bay.

13.6 Ballistic, Environnental, Physical Property, and Sensitivity

Testing
13.6.1 Checkout of Dynam c Engi neering Test Equi prnent for
Expl osi ve
Assenbl i es
a. To minimze the possibility of an incident during dynamc

testing of explosive assenblies, |oad-bearing nenbers of the
test equi prment or the explosive assenbly shoul d be
proof-tested and exam ned if:

(1) the test equipnment is new or has undergone a design
nmodi fi cati on;

(2) existing test equipnent is to be used under unusually
severe test conditions (i.e., conditions of velocity,
vi bration, pressure, |load, etc.); or

(3) a new or nodified explosive assenbly is to be tested
that affects the | oading characteristics of the
equi pnent +—s—to—be—tested.

b. Proof -testing of the explosive assenbly or test equi pnent
shoul d be conducted before running tests invol ving actual
systens w th expl osives.

C. As a mninum proof-testing should consist of the follow ng
sequence of checkouts.
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(1) Check out |oad-bearing nmenbers (i—e——lifting devices,
hol d- down nechani sns, fixtures, vehicle cases) to at
| east 125% of rated | oad using sinulated | oads (see
Section 14.4 of this chapter).

(2) "Dry run" tests of actual systems with nock materials
in place of explosives and hazardous radioactive
mat eri al s.

d. In the event of a part failure in either of the two checkout
tests given above, no tests involving expl osives or
radi oactive material shall be run until additional checkout
tests have denpnstrated that the failure cause has been
el i m nat ed.

13.6.2 Testing of Expl osives and Hazardous Radi oactive
Mat eri al s

Expl osi ves and hazardous radi oactive materials (i.e., plutonium
enri ched uranium etc. —depleted uraniumand natural thoriumare
not consi dered hazardous radi oactive materials for this purpose)
shall not be included in the sanme test or operation if the test
or operation is not contained and invol ves:

a. Application of high-energy stimuli (i.e., high shock,
I mpact, or friction levels) to the expl osive.

b. Heating the explosive to within 10°C of the heating limt
determ ned for the expl osive system w t hout hazardous
radi oactive materials consistent with paragraph 12.1.1d of
this chapter.

C. Inti mate contact of inconpatible material with the expl osive
as determ ned by conpatibility testing.

d. Unacceptably high risk of accidental application of stinuli
listed in (a), (b), or (c) above.

13.6.3 Heating of Expl osives Test Speci nmens

a. Heating of an expl osive shall be preceded by a thernal
anal ysis and preparation of a witten procedure consistent
with paragraph 12.1.1 of this chapter. See paragraph 12.1.2
of this chapter for requirenents on heating equi pnent.

b. Cont act operations on expl osives speci nens under goi ng
thermal conditioning may be permtted if (1) the specinen
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will not be subjected to excessive friction, inpact, or
spark stinuli during normal operations or during a credible
acci dent scenario and (2) the explosive involved has
satisfied appropriate scaleup sensitivity and stability
criteria (see Chapter VIII) and has sufficient handling

hi story to reveal any special characteristics affecting its
saf e use.

C. I f an expl osives test specinen in a contact operation is
di scovered to have exceeded the established heating limt
for the expl osive system the test shall be term nated and
the specinmen cooled to anbient tenperature. A procedure
shoul d be prepared and approved for the required corrective
action (i.e., disassenbly or disposal).

13.6.4 I nstrunent ati on

a. Instrunentation directly applied to explosives in a test
speci nen shall be physically disconnected, isolated, or
grounded before personnel may enter the test cell. Only

those instrunentation channels that contain devices that
limt the current below the | evel capable of initiating the
expl osi ve are exenpt.

b. Envi ronnmental control transducer |eads, not attached to the
test specinen and permanently installed in an approved
control system do not need to be grounded or disconnected.

13.6.5 Explosives Limts

Expl osi ves speci nens shall not be permtted to accunmulate in a
test cell beyond the nunber required to sustain the test. For
short-termtesting (less than onet day), speci nens present shal
not exceed a 4-hour supply.

13.6.6 Drop Testing

After an expl osives drop test, personnel shall wait a m ni num of
5 m nutes before leaving the control bunker to inspect the test
pad. |If snoke or flane is observed at the drop test area, entry
shall not be permtted until at | east 30 mnutes after all visual
si gns have di sappear ed.

13. 7 Test Failures and M sfires

13.7.1 Expl osives Msfire
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a.

13.

7.

I f no audible detonation is heard after once pul sing the
firing circuit, the firing circuitry and detonator(s) may be
checked for continuity. This checking shall be acconplished
fromw thin the control bunker or froma protected |ocation.
If the firing circuits and detonator(s) appear operative,
one or nore attenpts to fire nmay be nade.

If the shot still does not fire, the follow ng precautions
shal | be taken:

(1) Disconnect and deenergize all electrical power sources
connected to the shot.

(2) Ensure that all personnel in the danger zone are aware
that a msfire has occurred and that they nmust remain
under cover until notified otherw se.

(3) Before any personnel are pernmitted to | eave the cover
of the bunker, a preestablished waiting period shall be
observed. It is advisable in nost situations to
establish this waiting period at 30 m nutes m ni mum

(4) A carefully prepared review of the situation, in
consultation wth anot her know edgeabl e person, shoul d
be initiated.

(5) Before other personnel are permtted to | eave cover of
t he bunker and after an agreenment has been reached, one
qgual i fi ed person should carefully approach and exani ne
the setup to verify that it is safe.

2 Msfire of a Renptely Fired Gun

When a misfire occurs, several nore attenpts to fire the gun
may be made. |If these subsequent attenpts are al so
unsuccessful, the follow ng precautions shoul d be taken.

(1) Disconnect all electrical circuitry to the gun to
ensure that the firing system cannot be energized.

(2) If the gun is light-gas driven, ensure that it is in a
safe condition by venting all pressure in the gun
breech before approaching the gun. To reduce the risk
of a gas explosion in the case where the driving gas is
fl anmabl e, the gun breech shall be purged with inert
gas after venting.
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(3) An appropriate waiting period shall be observed before
approach to the gun is permtted. In no case shall the
wai ting period be |less than 10 m nutes.

(4) If there is any indication that powder is burning when
the gun is approached, personnel shall return to a safe
area and observe an additional waiting period of at
| east 20 m nutes.

(5) The gun shall not be approached within the known recoi
di stance behind the breech or fromthe front. Approach
to and work on the gun shall be fromthe sides.

(6) If the gun is a separate |loading type (i.e., propellant
charge is | oaded separate fromprojectiles), the
propellant igniter shall be disconnected fromthe
firing nmechani smand renoved fromthe gun before any
ot her gun operati ons.

(7) If possible, the powder chanmber of the gun shall be
checked for the presence of pressure and vented to the
at nosphere before opening the chanber.

b. If an unforeseen failure situation arises (e.g., the
expl osive projectile is stuck in the bore), an emergency
procedure shall be prepared and followed to resolve the
si tuation.

13.8 Electrical Instrunents for Use with Explosives Systens
(except those covered by DOE O 5610.11, NUCLEAR EXPLOSI VE

SAFETY)
13.8.1 Cl assification

Test instrunents shall be assigned to categories on the basis of
el ectrical characteristics that affect their safe use with
expl osi ves systens. Specifically, the instrunment categories
shal|l be established so that each category can be safely applied
to one or nore of the follow ng classes of explosives systens:
(a) lowenergy or hot-wire initiators (blasting caps, actuators,
squi bs, etc.); (b) high-energy initiators (exploding bridgew res,
sl appers, etc.); and (c) noninitiating electrical circuits.

Test instrunments that do not neet the safety criteria may only be
used on an explosive systemif the activity is considered a
renote operation and adequate personnel shielding or separation
di stance i s provided.
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13.8.2 Certification

a. Each DOE facility engaged in the use of electrical test
I nstruments on expl osi ves systens shall establish a form
system for the purpose of reviewi ng and certifying these
i nstruments. Procedures for marking instrunments to show
their approved use and restrictions on their use should al so
be established.

b. Every individual test instrunent designated for use on
expl osi ves systens shall be certified and prom nently
| abeled with its approved use and with a warning if there is
arestriction on its use.

C. I nspection and calibration of certified instruments shall be
requi red at prescribed intervals or whenever the instrunment
is opened for servicing or repair. Access to internal

circuitry of certified instrunments shall be controlled to
prevent unauthorized repairs, maintenance, or alteration.

d. Records of all instrument types certified shall be
mai nt ai ned by each DCE facility using electrical instrunents
to test explosives systens. These records should include
type, manufacturer, nodel, electrical specifications, wring
di agranms, and failure node anal yses. The Expl osives Safety
Comm ttee chairperson shall be notified in witing by DOE
facilities managenment when they approve new el ectri cal
instrunments for use with initiating systens. The
chairperson shall dissemnate this information to al
conm ttee nmenbers.

13.8.3 El ectrical Instrunments for Use with Initiating
El ectrical Crcuits

Instruments in this category are used with electrical initiation
circuits connected to el ectroexpl osive devi ces (EEPs).
Instruments may be further categorized for use with either

| ow-energy initiators or high-energy initiators. All test

i nstrunents used for this purpose shall be current-limted.
Before being used on initiating circuits, every individual
instrument wiring diagramand internal circuitry design shall be
anal yzed, exam ned, and certified for the foll ow ng.

a. The out put current through a resistance; equivalent to that
of the mninmumresistance initiator of the class, should not
exceed 1% and shall not exceed 10% of the no-fire rating for
the nost sensitive initiator of the class. The
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current-limting features of the test instrument shall be
internal to the instrunment and shall not depend on test
circuit |l oad characteristics.

b. The internal circuitry shall ensure isolation features that
require, as a mninmum two independent failure nodes before
t he specified output current can be exceeded.

C. A conprehensive (point-to-point, if possible) wring check
shoul d be made to ensure that the wiring corresponds to the
di agram and that all conponents are functioning properly and
W t hin specifications.

13.8.4 Electrical Instrunments for Use with Noninitiating
El ectri cal
Crcuits

Instrunments in this category are used with electrical circuits
connected to strain gauges, pin switches, pressure transducers,
t her nocoupl es, electrical conponents, etc., that are affixed to
or wthin an assenbly with expl osives. These instrunents shal
neet the follow ng requirenents.

a. Each specific use of the instrunent shall be analyzed to
ensure that there is no credible scenario whereby the nornal
test energy fromthe instrunent can ignite explosives
charges or initiators in the test. Guidance on operational
requi renments is contained in paragraphs 13.3.3 and 13.6.4 of
this chapter.

b. VWher eWrerr an instrument is used to make neasurenents on
sensors directly applied to explosives, for exanple, te—g—+
bonded strain gauges or pin swtches), the instrunment shal
be certified and have net the requirenents of
par agraph 13. 8. 3.

C. Instruments used with noninitiating electrical circuits
shall be promnently marked with the restrictions on use.
Many of these instrunents do not neet the requirenents for
use with initiating systens and nust be marked to prevent
their use on this type of circuit.
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MATERI ALS HANDLI NG
Gener al

The distance that explosive materials can fall, if
accidental Iy dropped during handling, shall be naintained at
a mni mum

Hard surfaces and edges of equi pnent that could be struck by
accidental |y dropped, consolidated expl osives should be
padded with cushioning mats or coverings whenever possible
and needed. (Protective padding includes both sheet

material on work surfaces and on equi pment and approved

fl oor coverings.)

Expl osi ves handling shall be permtted only where handling
areas are free of obstructions and where the wal kway
surfaces provide positive footing with no slipping or
tripping hazards, for exanpl e, {e—g— explosives shall not
be handl ed on wal kways coated with snow or icey.

Expl osives and nmaterials that are not conpati ble shall not
be handl ed t oget her.

Det onators, actuators, EEDs, and other itens that woul d
normal |y be shipped as Hazard O ass/Division 1.4 expl osives,
shoul d be kept in nonpropagating trays or containers unless
handl ed i ndi vi dual | y.

Dry explosive materials that generate dust shall be
transported in closed containers.

Cont ai ners of explosives or explosive assenblies shall be
| abel ed for contents identification during handling,
storage, and transportati on.

Any expl osives itenms that cannot be identified and | abel ed
shall be stored as Hazard C ass/Division, Storage
Conpatibility Goup 1.1L material and analysis perforned to
identify the nmaterial adequately for return to inventory or
for disposal in accordance with regulatory requirenments

Those conponents or devices that contain expl osives shoul d
not be | abel ed/ marked "inert" or "du ! Upon di scovery,
any nonconformng itens shall be |abel ed/tagged indicating
that they contain explosives. Effective January 1, 1999, no
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new conponents or devices containing expl osives shall be

| abel ed/ marked "inert" or "dummy". Gaty—those conponents—or-

Manual Handling of Bare Consol i dated Expl osives

Manual handling shall be mnimzed as foll ows:

(1) One person may |lift or carry up to 25 kg of explosive
(if it can be securely gripped).

(2) Two people may lift or carry 50 kg of explosive (if
manual lifting and handling tooling is provided).

(3) Any explosive itemover 50 kg in weight or that cannot
be securely gripped should not be manual | y handl ed.

Expl osi ves shoul d not be carried up or down stairs except
when in protective containers.

Qperations shall be arranged to mnim ze the handling
di stance in all manual explosives handling situations.

Carts or Hand Trucks

Expl osi ves that cannot be manual |y handl ed shall be handl ed
only on suitable carts or hand trucks. Carts used for bare
expl osives handling shall be provided with a padded surface
to support the explosives. These carts shall be equi pped
with either a lip, sides of sufficient height, or tiedown
straps to prevent the explosives fromsliding or rolling off
the cart. The cart-explosive |oad conbination shall have a
center of gravity |ow enough to prevent tipping in the event
of a sudden stop caused by a wheel contacting an
obstructi on.

Expl osi ves handling carts or hand trucks should be provided
with brakes. Carts containing explosives shall be
positively secured (e.g., setting wheel brakes or chocking)
when the cart is stationary.

Mechani cal Handl i ng Equi pment

Al'l itens of nechanical handling equi prent (i.e., cranes,
hoi sts, slings, etc.) used to lift and nove expl osives or
assenbl i es contai ni ng expl osives shall be initially
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proof -tested, periodically inspected, and maintained in
first-class working condition. The DOCE Hoisting and Ri ggi ng
Handbook (1090-95) may be used as a guide for testing,

I nspection, and nai nt enance.

b. Equi prent for vacuumlifting of consolidated expl osives nust
conply with the follow ng requirenents.

(1) The lifting equi prent shall be designed so that jerks
or other irregular notions in the hoisting apparatus or
bunpi ng of other equipnent will not dislodge expl osives
fromthe vacuum head.

(2) Equi pnent shall be designed to nonitor the avail able
vacuum and to control loss of vacuumin the event of a
power failure or vacuum source failure.

(3) Any handling where a | oss of vacuumwoul d all ow t he
expl osive to drop an excessive di stance shal
I ncorporate sonme safety device (collar, net, strap) to
prevent dropping. "Excessive distance" shall be
defined as a distance greater than the m ni num drop
hei ght gi vi ngthat—woutd—ecause drop-skid initiation for
the expl osive being handled. "lInitiation" in the
drop-skid test is used here to refer to any indication
of sanpl e deconposition. An alternative nethod of
protection can be the use of a cushioning surface under
and over all itens that may be struck by the falling
expl osi ves.
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15. 0 MATERI ALS RECEI PT

The follow ng guidelines shall apply to the inspection, receipt,
and unl oadi ng of explosives material s.

15.1 Motor Vehicles

a. I ncom ng notor vehicles | oaded with explosives shall be
carefully inspected by a conpetent person using an approved
checklist at a designated inspection station.

(1) Wen an inspection reveals that an incomng tractor is
in an unsatisfactory condition, the tractor should be
di sconnected fromthe trailer at the inspection station
and noved to a position where it will not endanger any
ot her expl osi ves.

(2) Wen inspection reveals that a trailer or its load is
in an unsatisfactory condition, the trailer shall be
noved to a location that is at |east inhabited-building
di stance for the particular material involved from
inert and adm ni stration areas, hazardous | ocations,
and the facility boundary. At this |ocation,
correction of unsatisfactory conditions shall be
acconpl i shed before noving the vehicle to its
destination within the facility. Wen noving fromthe
i nspection station to the isolated |ocations, the route
shoul d be as far away as possible frombuilt-up areas
and areas where personnel concentrations are high.

(3) Vehicles that cannot be i medi ately dispatched to
poi nts where they are to be unl oaded may be noved to a
hol di ng yard that shall be sited in accordance with
Chapter VI, paragraph 3.2.3.

(4) Incomng or outgoing explosives-loaded trailers that
cannot be exchanged directly between the carrier and
DOE facilities may be noved to an interchange yard.
Quantity-di stance provisions do not apply if the
trailers are noved expeditiously.

b. Vehi cl es shall not be backed up to a dock where expl osives
are resting and could be damaged if the dock were struck.

C. The buil ding doors at the receiving facility should be
cl osed while the notor vehicle is in notion or the engine is
running. This requirenment does not apply if the vehicle is
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equi pped with a spark arrestor or no exposed expl osives are
present.

d. Once the vehicle is in position, the engine shall be shut
of f, the brakes set, and the wheel s chocked.

e. After unl oading, the vehicle shall be inspected for |oose
expl osives materials, and any spilled material shall be
cl eaned up after the inspection. |If a spill involves liquid
expl osives or explosives in solution, the spill shall be

reported i nmediately to the buil ding supervisor and
appropriate cl eanup procedures shall be used.

15.2 Rail cars

Rai | cars contai ni ng expl osi ves and anmunition entering a DCE
facility nust be inspected. This inspection conprises the

exam nati on of the outside and underside of each car for damage
such as defective brakes, couplings, wheel flanges, etc.; for
unaut hori zed and suspicious articles; and for correctness of the
i ndi vi dual car nunbers and seal nunbers against bills of |ading.

a. Cars of ammunition or explosives showi ng a defect that could
affect the facility or contents of the car should be renoved
to the suspect car spur for additional inspection
(Chapter VI, paragraph 3.2.3b).

b. Cars that satisfactorily pass the inspection outlined above
may be consi dered reasonably safe, but care nust be
exercised in breaking car seals and opening car doors
because of possible damage or shifting |ading, |eaking
containers, etc. Interior inspection should be acconplished
after the cars have been spotted at the unl oadi ng point.

15. 3 Danaged Shi pnent s

a. Expl osi ves shiprments shall be inspected for damage before
st or age.
b. Contents of a danmamged or broken container shall be renoved

to another container. Any spilled materials shall be
cl eaned up before continuing with [ oading or unl oadi ng.

C. Any shi prment received in damaged condition as a result of
i nadequat e or inproper blocking and bracing or as a result
of not being | oaded in accordance with appropriate DOT
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requi rements shall not be reshipped until the damage is
corrected.
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16. 0 TRANSPORTATI ON

16. 1 Equi prent
16.1.1 Gener al

a. Expl osi ves shi pped on conmon carriers shall be packaged and
shi pped in accordance with DOT regul ati ons.

b. Expl osi ves-containing itens transported by weapons couriers
in a Safe Secure Trailer (SST) or Safe Secure Railcar (SSR)
are exenpt fromthe equi pment requirenents given bel ow.

C. Security and aut hori zed energency vehicles carrying approved
gquantities of explosives in support of approved contingency
pl ans are not considered "in transportation,” as defined by
49 CFR Part 171.8.

16.1.2 Mbt or Vehi cl es

a. Mot or vehi cl e shipnents on public highways are governed by
DOT reqgul ations. All notor vehicle shipnments froma DOE
installation shall conply in full with the applicable
portions of DOT regulations, and with state and nuni ci pal
regul ati ons, except as provided for in these regul ations.
Any notor vehicle that may be | oaded with expl osives (Hazard
Class/Division 1.1, 1.2, and 1.3) and is designated for
nmovenment over public hi ghways nust be inspected and approved
by a qualified inspector for conpliance with an approved
checklist. After loading, the |lading nust be inspected and
approved. Driver selection, training, etc., for intraplant
shi ppi ng and for operation of governnent-owned trucks on
publ i c highways shall be in accordance with pertinent
requi rements of 49 CFR, Parts 390- 397.

b. Bef ore notor vehicles | oaded with explosive materials | eave
a DCE facility, drivers shall be informed as to the nature
of their cargo and nethods of fighting fires involving the
vehicle or its cargo.

C. Cargo-type trucks and truck-tractor drawn semitrailers are
the preferred types of equi pnent for transporting
expl osives. Flat-bed semtrailers or trailers may al so be
used to transport large itens in special containers for such
novenment. For transfer novenment wthin facilities, open-
body vehicles (other than flat-bed types) nmust have sides
and tailgates or rear doors that are strong and securely
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fastened so that explosives are safely retained. Vehicles
(including flat-bed types) partly or conpletely |oaded shal
have the | adi ng bl ocked, braced, chocked, tied down, or

ot herwi se secured to prevent shifting during transit.

d. Al'l DOE expl osives-carrying vehicles for on-site
transportati on should be equi pped with the foll ow ngas
fotH+ows.

. Expl osi ves placards plainly visible fromall directions
(except for vehicles transporting Hazard
Class/Division 1.4 itens).

. Ti edown bolts, rings, and straps with which to securely
fasten the explosives itens and which are adequate for
t he | oad.

. On trucks, a cargo area with no sharp projections.

(Nonsparking lining is desirable when hauling
expl osives in transfer containers that are not DOT
approved.)

. Chock bl ocks.

. A qui ck-di sconnect switch on the battery if expl osives
are | eft on the vehicle overnight.

. Rear-view mrrors on both sides of the vehicle.

. Two fire extinguishers with a mninmumrating

of 2A:10BC, one of which should be nmounted outside the
vehicle. Vehicles for transportation of Hazard
Class/Division 1.4 explosives need just one

ext i ngui sher.

e. Precautions nmust be taken to avoid ignition of explosives
material by the exhausts of notor vehicles. Wen a notor
vehi cl e approaches within 25 feetft of the doors of a
structure through which a shipnent is to be noved, the doors
must be kept closed until the notor has been turned off
unl ess the exhaust systemis equipped with a spark arrestor
or no exposed expl osives are present. Exposed expl osives
exclude finished itens and expl osi ves packaged for shi pnent
in DOT or DOT-equival ent containers. No explosives shall be
| oaded into or unl oaded from notor vehicles while their
notors are runni ng except when required to provide power to
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vehi cl e accessories used in |oading or unloading and the
vehi cl e exhaust is equipped with a spark arrestor.

(1)

(2)

16.1.3

Security patrol and response vehicles are authorized to
transport the m nimum quantity of munitions needed to
support approved contingency plans and to execute their
security duties. Wenever possible, support munitions
requi red for defense against hostile forces should be
pre-positioned in readily accessi bl e nagazi nes.
Security vehicles armed with a conbination of up to 25
poundstb net expl osives wei ght of Hazard
Class/Division 1.1 and 1.2 nunitions shall be exenpt
from expl osi ves quantity-di stance requirenents when
executi ng approved contingency plans or security
duties. Vehicles so arned will not be used for

adm ni strative purposes and will be separated from

i nhabited facilities and property lines by a m ni num of
125 feetft when tenporarily out of security service,
and shall be downl oaded into properly sited nagazi nes
or approved facilities when parked for periods in
excess of 4 hours. QOperation of vehicles |oaded with
expl osives will be restricted to on-site |ocations and
transported expl osives nust be secured within the
vehi cl e. Snoking in explosives-|loaded vehicles is
prohi bited. These vehicles shall be downl oaded into
properly sited magazi nes or approved facilities prior
to repair or naintenance, except under energency
response conditions.

Security force personnel shall be allowed to transport
on their person Hazard Cass/Division 1.1 and 1.2
munitions issued to them for personal use in the
execution of approved contingency plans and security
duties without regard to explosives quantity-di stance
requi rements. Appropriate safety precautions for the
handl i ng of anmunition shall be observed and the
muni ti ons shall be placed in an approved | ocation if
tenporarily renoved fromthe unifornil oad-bearing

equi pnment worn to carry such itens.

Rai | cars

a. A railcar nmust not be |oaded with any Hazard
Class/Division 1.1 and 1.2 explosives unless it has been
t horoughly inspected by a qualified enployee of the carrier
who certifies that the railcar’s condition conforns to DOT
regul ations. After a certified car has been furnished by
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the carrier, the shipper or an authorized enpl oyee of the
shi pper nust, before starting to |oad any such car, inspect
the interior thereof and, after |oading, certify its proper
condition. A certificate will be conpleted and signed where
appl i cabl e. Shipnents of Hazard O ass/Division 1.3

expl osives may be |l oaded in a closed car or container car in
good condition (i.e., sparks cannot enter the car and the
roof does not have unprotected decayed wood that constitutes
a fire hazard). Woden-floored cars nust be equi pped with
spark shields. Such cars do not require a car certificate,
but they nust have a placard in accordance w th DOT
regul ati ons.

b. The railcar certificate, printed on strong tag board
measuring 7 by 7 in. or 6 by 8 in., nust be executed in
triplicate. The original copy nust be filed by the carrier
in a separate file at the forwarding station, and the other
two nust be attached to the car, one to each outer side on a
fi xed placard board or as otherw se provided.

16.1. 4 Mat eri al s Handl i ng Equi prent

a. Gasol i ne- powered materi al s-handl i ng equi prent
(forklifts, etc.) may be used only in areas where al
expl osives are properly packaged and only if equipped in the
fol |l owi ng manner.

. Backfire deflectors shall be securely attached on the
throat of the carburetor and shall be the oil-bath or
screen type (certain types of air cleaners wll serve
t he purpose).

roperly vented, shall be in place

. Atight-fitting cap, p
Il pipe at all tinmes (except during

on the gasoline fi

ref uel i ng).
. A flanme arrestor shall be installed in the fill pipe.
. | f necessary, a deflector plate shall be installed to

prevent any gasoline tank overflow fromreaching the
not or or the exhaust pipe.

. On gravity feed systens or on punp systens where
si phoni ng m ght occur, a shutoff valve shall be
installed at the fuel tank or in the feed line to
permt shutting off the flow of gasoline in the event
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of an energency or a break in the fuel line or
car buretor.
. Provi sions shall be nade to prevent vibrational rupture
of the fuel Iines.
b. Di esel - power ed equi pnent may be used if all the precautions
for gasoline-powered equi pnent (as specified above) are
f ol | owed.
C. Batt ery- powered equi pnent for handling expl osive materi al

shall conmply with the criteria |listed bel ow

(1) Battery-powered equi pnent and its use in hazardous
| ocations shall conply with OSHA standards. Al
equi prent shall be appropriately |abeled for ready
i dentification.

(2) Types E, EE, ES, and EX-rated, battery-powered
equi prent are satisfactory for handling all classes of
properly packaged amuni ti on and expl osives. Types EE
and ES battery-powered equi prent may be used for
handl i ng packaged expl osives or expl osive conponents in
corridors or ranps connecting hazardous operations,
provi ded the ranps and corridors are not Class | or 11
Division 1, hazardous locations (NEC). Type EE
equi pnent is authorized for use in dass I,
Division 2, Goup G hazardous | ocations, and Type ES
equi pnment may be authorized on approval of facility
managenent (see NFPA 505, Powered Industrial Trucks).

(3) Type EX equipnent is the only equi pnent approved for
use in specifically naned ass |, Division 1, Goup D
or Class Il, Division 1, Goup G hazardous | ocations.

At this time, EX equipnent does not carry a dual rating
and shall only be used in hazardous areas for which it
is specifically rated.

16. 2 General Operation Guidelines

a. Expl osi ves-containing itens transported by weapons couriers
in SSTs or SSRs are exenpt fromthe operation guidelines
gi ven bel ow.

b. Drivers shall be given special training that enphasizes
caution, road courtesy, and defensive driving.
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C. The operator of an explosives-carrying vehicle shall have
proper training in the general safety precautions for
expl osi ves handl i ng.

d. Congest ed areas shoul d be avoi ded.
e. Road vehicles shall stop at all railroad crossings.
f. No personnel shall ride in the cargo area. There shall not

be any | oose itens (e.g., handling gear) in the cargo
conpart ment .

g. No snmoking is allowed in or within 25 ft of any vehicle
cont ai ni ng expl osives. Matches, lighters, or other fire-,
flame-, or spark-producing devices shall not be in the
vehicle or carried by personnel in the vehicle.

h. The vehicle shall be subjected to regul ar mai ntenance
checks.

i Bef ore shi pnent, explosives materials being transported by
comrercial carrier shall be classified by testing or anal ogy
I n accordance with DOT regul ati ons.

j. Q her than when opened for inspection, containers of
expl osives shall not be opened or repaired on any
transportation vehicle.

K. Except for energency situations, fueling or maintenance of
vehi cl es cont ai ni ng expl osives is forbidden.

| . Each facility shall have a special set of traffic rules
governi ng the operation of explosives-carrying vehicles and
the operation of other on-site vehicles in the vicinity of
expl osi ves-carrying vehicles.

m I ndustrial trucks shall not be used in |ocations where high
concentrations of dusts or sublinmation of explosives may
result in contam nated surfaces (e.g., screening buildings,
pouring bays, nelt-pour units, drilling bays, consolidating
bays, and expl osi ve washout facilities).

16. 3 Energency Conditi ons

a. Expl osi ves shoul d not be transported when hazardous
conditions (such as storns, icy roads, or poor visibility)
prevail, unless an enmergency plan is in effect that provides

I nstruction and guidelines while an expl osives-carrying
vehicle is in transit.:
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i - The pl an shoula address the féllomﬁng

| Ssues:
. par ki ng the vehi cl e;
. saf equardi ng the vehicle fromother traffic;
. noti fying appropriate authorities of the energency
situation; and
. | eavi ng the vehicl e unattended.
b. A plan shall be prepared to provide for an

expl osi ves-carryi ng vehicle that has a mechani cal breakdown.
The plan shall address the follow ng issues:

. removi ng the vehicle fromthe road as far as practi cal

. posting emergency reflectors, signals, etc. (carrying
flares on the vehicle is not permtted);

. reporting the problem

. mai ntai ni ng surveillance of the vehicle; and

. i f necessary, renoving the vehicle load to facilitate

repair of the vehicle.

C. I f an expl osives-carrying vehicle is involved in an
accident, the follow ng steps should be taken.

(1) Inspect the load for evidence of fire.

(2) If thereis a fire, but the explosives material is not
presently nor immnently involved, attenpt to prevent
the fire fromspreading to the load. The fire may be
fought using the vehicle' s fire extinguishers. |If
expl osives itens are renoved fromthe vehicle, ensure
their security.

(3) If thereis a fire that presently or inmnently
I nvol ves the expl osives | oad, evacuate all personnel to
a preestablished safe distance. Block or divert other
traffic fromthe vicinity of the accident. Evacuate
any potentially affected area residents.
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(4) Unless the explosive cargo is immnently involved in
fire, direct the operator to stay with the vehicle
until proper disposition of the cargo is acconplished.

(5) Imrediately notify the fire departnent or fire brigade
of the accident and informthem of the general type and
approxi mate quantity of expl osives invol ved.

(6) Informproper authorities of the accident.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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17. 0 EXPLOSI VES STORAGE

17.1 Storage Magazine Facilities

a.

Al'l new storage or service nmagazi nes shoul d be constructed
I n accordance with the guidance provided with in one of the
foll ow ng references:

J DoD 6055. 9- STD - suggested for high security or |arge
vol une operations

. 27 CFR 55.206 - suggested for sites that need
flexibility due to uni que operations

J DCE 6430. 1A - suggested for sites that utilize service-
t ype magazi nes

. 29 CFR 1910. 109 - suggested for sites with normalized
oper ati ons

Pl acard(s) shall be posted on or near each door of the
magazi ne, specifying explosive and personnel limts and
general safety precautions that should be observed during
work in the nagazi ne.

Veget ati on around storage nmagazi nes should be controlled to
m nimze potential damage to the nmagazi ne (see Chapter VI,
par agraph 5.1).

At least two fire extinguishers, mninmumrating 2A: 10BC and
Wi nterized where necessary, should be provided and

mai ntai ned for inmredi ate use by personnel working around a
magazi ne. These extingui shers may be permanently | ocated in
the area or available on an expl osives transportation
vehicle. The extinguishers are for the purpose of fighting
small external fires or nmagazine fires where expl osives are
not invol ved.

Suitably rated tel ephone or other fornms of energency
comruni cati on equi pnent shoul d be provided in nmagazi ne
storage areas. All communications equi pnent | ocated
outdoors should be protected fromthe weat her.
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f. Tenperature Contro

(1) In general, storage magazi nes should not be provided
with heat. An exception shall be made in the case
where heating may be necessary to prevent damage caused
by sudden changes in tenperature or where di nensiona
changes of conponents are undesirable.

(2) WMagazines requiring heat should be heated with steam
hot water, or electrically heated hot water. Sone
magazi nes with tight tenperature controls may require
both heating and air conditioning. Electrical systens
with forced air through ducts may be allowed if the
systens are | ocated exterior to any expl osive hazard.

(3) Heating coils shall be arranged so that expl osives
materi al cannot cone in contact with the coils. They
shal |l be equi pped with covers designed to prevent the
storage of materials on top of the coils.

(4) In all magazines where heat is supplied, nmaximum and
m ni mum t enperature nonitors should be provided.

17.2 Storage Magazi ne Operations

a. Expl osives itens shall be properly packaged and stored in
ei t her DOT-approved manufacturers’ container/packages or in
specified on-site containers (see paragraph 17.5 of this
chapter).

b. Expl osi ves may be stored on magazi ne shel ves, where
provi ded. The bottom of the container should not be nore
than 2 moff the floor, except as permtted by paragraph
17.2c of this chapter.

C. Expl osi ves and expl osi ves containers in storage shall be
safely and securely positioned. |f explosives containers
nmust be stacked, they shall be placed in stable arrays.

d. Per m ssi bl e | oading of all shelving should be determ ned for
al | magazi nes containing explosives. |If there is a
possi bility of overloading, the |oading conditions shall be
post ed.

e. Materials shall not be |eft suspended by boons, cranes, or

hoi sts in any expl osives storage facility.
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f.

Expl osives in storage should be segregated by | ot

desi gnation. Stacks of expl osives should be arranged so
that air freely circulates to all parts of the stack. In
order to prevent the accunul ation of noisture, pallets
Patets or appropriate dunnage shall be used to ensure that
containers are not stacked directly on the nmagazine fl oor.

Ai sl es shall be w de enough to acconmpdate inspection,
i nventory, sanpling, and materials handling operations on
the stored expl osives contai ners.

A crew shall not be permtted to work in a position that
requi res passing the work aisle or the position of a second
crew to reach the exit. Unobstructed aisles shall be

mai ntained to permt rapid exit of personnel.

Each crew working in a nmagazi ne nust have its own exit route
that does not interfere with exit routes for other crews.

Magazi nes shall be |locked at all tinmes except when
perm ssi bl e operations are in progress or when a nagazine is
opened for ventilation. Personnel shall be present while

t he magazine is open for ventilation. Al exit doors shall
be unl ocked and open when personnel are working in the
magazi ne.

An inventory of each magazi ne shall be taken at | east
annually to determ ne the total weight of explosives present
(to assureenstre this weight conforns to all owabl e
quantity-di stance constraints) and to renove and destroy
materials that are not properly identified or |abeled.

The liquid | evel in storage containers for wet expl osives
shall be checked and replenished if necessary at |east once
a year, and a log of the checks shall be maintai ned.

Enpty containers, tools, conveyors, lift trucks, skids, and
other simlar equi pnent should not be stored in a nagazi ne
cont ai ni ng expl osi ves.

Conbusti ble materials such as excess dunnage, packing

mat erial, and boxes shall not be stored in a magazi ne
cont ai ni ng expl osives. Flammble |iquids shall not be
stored or used in explosives nmagazi nes unless the liquid is
an expl osive, is needed as an expl osives-wetting agent, or
is an integral part of an expl osives device.
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0.

Qperations in and around rmagazi nes shall be prohibited when
an electrical stormis in progress and mnimzed when it is
evi dent that such a stormis approaching.

Expl osi ves-handl i ng operations shall not be perfornmed when
magazi ne entranceways are ice-covered or, for any other
reason, do not provide adequate footing.

Unl ess excepted, no operation in which hazardous naterials
are involved shall be permtted in any magazi ne. The
foll owi ng exceptions are recogni zed.

(1) Those operations incident to storage or renoval from
st or age.

(2) Inspection and surveillance sanpling of conpatibility
Goup D materials, and Goup C materials consisting of

and—bul k propellants and | HE, ef—Groeup—ECraterials—(see
I S " O ¢ I f

provi ded that each storage container sanpled is in good
condition (i.e., the container is not |eaking, no

evi dence exi sts of seat—fatture—or—expl osives

contam nation at the closure or of seal failure, and
the closure is nechanically sound and free of excessive
corrosion, etc.). Only one container of explosives
shall be opened at one tine in a nagazine.

(3) Liquid addition to adjust the liquid conposition |evel
in which a Goup D explosive is stored. [Wter and
al cohol m xtures may be used as the liquid. |If only
water is added to the explosive, the water should be
distilled or deionized. Bacteria present in untreated
wat er may produce gas during storage. ]

17. 3 Storage Revi ew Program

Each facility shall have a programto review the expl osive
materials stored at that facility. In recognition of the fact

t hat expl osi ves may degrade during prol onged storage and the
hazards of handling or using degraded expl osives nay increase
significantly, the follow ng procedure is provided as an exanpl e.

a.

A storage review date should be assigned to every bul k

expl osive placed in storage. The storage review date shoul d
be shown on or adjacent to the identification tag or sticker
attached to every container or package of explosive in
storage or should be listed in the inventory records.
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b. Storage review intervals should be based, whenever possible,
on stability data. A safe storage interval should be
considered as that tinme period, at maxinmum anti ci pated
storage tenperature, during which an explosive material can
be conservatively expected to show an acceptabl e | evel of
deconposi tion.

C. A storage review commttee should be designated or created
by facility managenent to establish and approve storage
review intervals for all explosives stored at the DCE
facility. Also, the conmttee should prescribe for each
expl osive appropriate tests to permt an evaluation of the
safety of handling and processing the material once it has
exceeded its storage review interval. These tests may be
referred to as "stability tests,” although sensitivity, or
ot her types of testing, may be included in the materi al
eval uation program |In sonme cases, the review conmttee nmay
sinply require periodic stability testing of the materi al
rat her than establish a storage review interval
(i.e., nitrocellul ose, single- and doubl e-base
propel |l ants, etc.).

d. To store a new explosive, to increase (or decrease) the
review interval for a previously approved material, or to
use different stability test data for an expl osive, the
foll owi ng procedure shoul d be observed.

(1) A responsible person should communi cate the request to
t he storage-review conmittee.

(2) |If the request concerns storage of a new expl osive, the
I ndi vi dual should recommend a storage-review interva
and stability-eval uation testing.

(3) Supporting data should be supplied with the recomrended
review interval and with the proposed stability tests
for the expl osive.

(4) The storage review committee should review the request
and supporting data and then prescribe a storage review
interval and/or stability tests.

Table I11-4. Storage conpatibility groups for explosives and
expl osi ve-cont ai ni ng devi ces.

Goup A Initiating explosives.
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G oup B.

CP (5—C¥anotetrazolpentaanine
Cobalt 111 Perchlorate)

HVX (Cycl ot et r anmet hyl ene
tetranitram ne) (dry)

Lead azide

Lead styphnate

Mercury fulm nate

Detonators and sim | ar

Bl asti ng caps )
Det onat ors excl udi ng EBW and

sl appers

pl osive bolts
Fragmenting actuators

e lgniters

Goup C Bulk ﬁropellant,
propellants with or without their
I ncl udes sone | HEs.

G oup D
their own neans o

Snokel ess powder
Pistol and rifle powder
Rocket - notor solid propellants

propel I ant charges,
own neans of

o _ 11-105
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. Ni trocellul ose (dry) )

. PETN (Pentaerythritol tetranitr
at e) dry) .

. RDX (Cyclotrinet hyl ene
trinitram ne) (dry)

. TATNB (Triazidotrinitrobenzene)

. Tetracene

initiating devices.

e« MDF (mld detonating fuse)
detonator
assenblies )
+ Pressure cartridges
e Priners
e Squi bs

and devi ces contai ni ng
initiation. This group al so

. TATB (wet)
e LX-17
« PBX- 9502

Hi gh expl osives (HE) and devi ces contai ni ng expl osi ves w t hout
initiation and wi thout a propelling charge or

articles

containing a primary expl osive substance and containing two or nore
ef fective protective features.

t
o

~~ e~ 90 o o o o o

Anmoni um pi crate

Bar at ol

Bl ack Powder

Bor aci t ol

Conpositions A, B, and C (all

ypes)
. Cyclotols (not to exceed a maxi mum

85% RDX)

DATB (di am notrinitrobenzene)
Det asheet

Det onati ng cord (prinmacord or
detonating fuse)

mild

bi s-Di ni tropropyl adipate

bi s-Di nitropropyl glutarate

bi s-Di ni tropropyl maleate

Di ni t ropropane

Di ni t ropr opanol

Di ni tropropyl acryl ate nononer
u%?»' I I I

ni tropropyl acrylate pol yner

PDNPA)
Table I1-4.

« EBWand sl apper detonators
+ Elastoneric plastic bonded
expl osi ves

e Explosive D

« HWMX (Cycl ot etranmet hyl ene
tetranitram ne)

(wet) :
HW/ wax (formulated with at | east

Pentaerythritol tetranitrate) (wet)
PETN ext r udabl e bi nder
Pl asti ¢ Bonded Expl osives, PBX (a
Goup D )
explosive formulated with a
desensi ti zing
pl asti c binder)

1% wax) _ )

e HNS (Hexanitrostil bene)
* Linear-shaped charge

« Methyl dinitorpentanoate
e Nitrocellul ose (wet)

e Nitroguani di ne

e Cctol

e Pentolite

E PETN

St orage conpatibility groups for eﬁflosives and
expl osi ve-cont ai ni ng devi ces é%ont ).

i nue
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C?ouP D (contj nued) )
e Potassiumpicrate o TATB/ DATB mi xt ures
* RDX ] o ) . TetrYI, )

gcyc;otr|nethylene trinitram ne) e TNT {Trinitrotol uene)

wet
o TATB (Triam no trinitrobenzene)
Goup E. Explosives devices withwthout their own nmeans of initiation and
with or without propelling charge.
e Artillery ammunition
* Rockets {e.g., 66 mm LAW
Goup F. Explosives devices with their own nmeans of initiation and with or
wi t hout propelling charge.
Goup G Pyrotechnic material and devices that produce an incendiary,
illum nation, |lachrymatory, snoke, or sound effect.

* Snmoke pots
e Flares. L
» Incendiary amunition

Goup L. Explosives or ammunition not included in other conmpatibility
groups that present a special risk requiring isolation of each type.

+ Dammged or suspect explosives devices or containers

e Experinental explosives, explosives of tenmporary interest, newy
synt hesi zed conpounds, new m xtures, and sone sal vaged expl osi ves

Goup S. Explosives, explosives devices, or amunition presenting no
significant hazard. Propellant cartridge actuated devices (that yielda

nonfraPnEnting, nonf | ane- produci ng controll ed reaction). anpl es incl ude
the foll owi ng:

e Cable cutters » Safety fuze o

e Cartridge actuated val ves, e Small " arns ammunition

e Linear actuators (e.g., dinple, e Thermal batteries

pi ston, bell ows notors)

tftess—they—are near—other—exptostves—that—coul-d—inttiate—them\hen near

expl osives, these materials becone Goup D, unless otherw se indicated

e FEFQ SOL (35 wt% or less FEFO in ethyl acetate)

e FEFQ' sol ution o ] ]

e Goup D explosives in inert solvents (explosive concentration not
exceeding 25 wt % ] ]

e« Nitrates] treat as Group C when with other expl osives

e Perchlorates; treat as oup C when with other explosives

e Smal| arms ammunition classified for shipnment by as ORM D (C her
Regul ated Material Cass D) rather than Hazard Cass/Division 1.4
expl osives. Normally consists of anmunition not exceeding 50 caliber for
handguns and rifles and 8 gauge for shotguns.

e. A new expl osi ve shoul d be assigned an interimstorage review
and stability test interval before Phase Il scal eup (see
Chapter VIII).

f. The foll owi ng general guidelines are offered to assist the

storage-review conmttee in establishing reviewintervals in

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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17.

4

cases where there is insufficient stability information to
predi ct storage life.

(1) |If there is no available information on a new nateri al
relative to storage stability, a review interval of
90 days or |ess should be assigned.

(2) A new fornul ation should be assigned a storage review
i nterval not exceeding that of its |east stable
conponent .

(3) If the conmpound or formulation is newto DOE, but DoD
agenci es have extensive experience with it, the DoD
i nformati on shoul d be used conservatively.

(4) If a manufacturer has an assigned shelf life for a
formulation or ingredient, a review interval that
exceeds the recommended shelf |ife should not be
assi gned unl ess additional DCE tests indicate such
storage is warranted.

A storage review interval of up to 20 years should be
perm ssible for an explosive if a conservative eval uation of
stability data indicates that such an interval is justified.

Storage Conpatibility

Expl osi ves shall not be stored with naterials or itens that
increase the risk of initiation or deconposition of the
expl osives. Exanples are m xed storage of explosives with
fl anmabl e or conbustible materials, acids, or corrosives.

Different types of explosives may be stored in the sane
magazine if they are conpati ble. Explosives shall be
assigned to a storage conpatibility group when they can be
stored together without significantly increasing either the
probability of an accident or, for a given quantity of

expl osive, the magnitude of the effects of such an accident.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Table Il-5. Storage conpatibility m xing chart.
Goup A B C D E F G H J K L N S

S

A X Z

B Z X Z Z Z Z Z X X
C Z X X X Z Z X X
D Z X X X Z Z X X
E Z X X X Z Z X X
F Z Z Z Z X Z X X
G Z Z Z Z Z X X X
H X X
J X X
K z

L X

N X X X X X X X X
S X X X X X X X X

An "x" in a block of the above chart indicates that these groups may be
conbined in storage. Oherwise, mxing is either prohibited or
restricted according to the follow ng paragraphs.

A "z" in a block of the above chart indicates that when warranted by

operational considerations or nagazine availability, and when safety is

not sacrificed, these groups may be conbined in storage. Conbinations
that violate the principles of paragraph 17.4b3#4 in Chapter Il require
justification by an exenption.

- No mark in a block indicates that conbined storage is not permitted. L
conpatibility group types presenting simlar hazards nay be stored
toget her but not m xed with other groups.

- K conpatibility group requires not only separate storage from ot her
groups, but also may require separate storage wi thin the group.

- Rlefer to DOE DNA TP 20-7 for warhead storage conpatibility and hazard

cl ass.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C.

Each type of explosive shall be assigned to an appropriate
storage conpatibility group (A through G L, and S) for the
pur pose of storage at DCE facilities. The nine groups are
defined in the foll owi ng paragraphs. These definitions and
Table 11-5, the storage conpatibility mxing chart, are in
accordance with the principles and tables in DoD 6055.9 STD,
DoD Ammuni tion and Expl osives Safety Standards. Table I1-4
presents sone exanples of commonly used materials that are
assigned to each storage conpatibility group. This |ist
does not enunerate all materials that may be included in
each group.

(1) Goup A--Initiating explosives. Bulk initiating
expl osives that have the necessary sensitivity to
friction, heat, or shock to nmake them suitable for use
as initiating elenents in an expl osives train.
Exanpl es are | ead azide, |ead styphnate, nercury
fulmnate, and tetracene.

(2) Goup B--Detonators and simlar initiating devices not
containing two or nore independent safety features.
Items containing initiating explosives that are
designed to initiate or continue the functioning of an
expl osives train. Exanples are detonators (all types,
excl udi ng EBW and sl appers), blasting caps, snmall arns
prinmers, and fuzes.

(3) Goup C-Bulk propellants, propellant charges, and
devi ces containing propellants with or without their
own neans of initiation.  Itens that will deflagrate,
expl ode, or detonate upon initiation. Exanples are
singl e-, double-, triple-base, and conposite
propel | ants, rocket notors (solid propellant), and
amunition with inert projectiles.

(4) Goup D--Hi gh explosives (HE) and devi ces contai ning
expl osives without their own neans of initiation and
W t hout a propelling charge, or articles containing a
primary expl osives substance and containing two or nore
effective protective features. This group shal
i ncl ude expl osives and anmuniti on that can be expected
to expl ode or detonate when any given item or conponent
thereof is initiated.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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(5)

(6)

(7)

(8)

(9)

(10)

(11)

G oup E--Explosives devices without their own neans of
initiation and with propelling charge (other than one
containing a flammbl e or hypergolic liquid). Exanples
are artillery amrunition and rockets.

G oup F--Explosives devices with their own neans of
initiation and with or w thout propelling charge.

G oup G-Pyrotechnic materials and devi ces contai ni ng
pyrotechnic materials. Exanples are devices that when
functioning, result in an incendiary, illumnation,

| achrymat ory, snoke, or sound effect.

Goup H - Ammunition containing both explosives and W
or other pyrophoric material. Ammunition in this group
contains fillers which are spontaneously fl anmabl e when
exposed to the atnosphere. Exanples are WP,

pl asticized white phosphorus (PWP), or other ammunition
contai ni ng pyrophoric material.

G oup J - Amunition containing both explosives and
flammable liquids or gels. Ammunition in this group
contain flammable [iquids or gels other than those

whi ch are spontaneously flamuabl e when exposed to water
or the atnosphere. Exanples are liquid or gel filled

I ncendiary ammuni tion, fuel-air explosive (FAE)
devices, flammable liquid fueled mssiles, and

t or pedoes.

Goup K - Anmunition containing both explosives and
toxic chem cal agents. Ammunition in this group
contain chem cals specifically designed for

I ncapacitating effects nore severe than | achrymation
Exanpl es are artillery or nortar amrunition (fuzed or
unfuzed), grenades, and rockets or bonbs filled with a
| et hal or incapacitating chem cal agent.

Group L--Explosives or anmunition not included in other
conmpatibility groups that present a special risk
requiring isolation of each type. This group shal

i ncl ude expl osives or amunition having characteristics
whi chthat- do not permt storage with other simlar or
dissimlar materials. Exanples are damaged or—stuspect
expl osi ves, suspect explosives, and expl osives,

expl osi ve devices or containers, explosives that have

* See definitions of Initiation, Chapter 1, Section 6.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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under gone severe testing unless docunented

determ nation is made that these itens do not present a
speci al risk; fuel/air explosive devices, and

wat er - acti vated devices. Also included are
experimental expl osives, explosives of tenporary
interest, newy synthesized conpounds, new m xtures and
sal vaged expl osives until they have been established to
be conpatible with the original materials. Types
presenting simlar hazards may be stored together.

(12) Goup N - Hazard Division 1.6 amuni tion containing
only extrenely insensitive detonating substances
(EIDS). Exanples are bonbs and warheads. |If
dissimlar Goup N nunitions, such as MK 82 and MK 84
bonbs, are m xed together and have not been tested to
assure non-propagation; the m xed nunitions are
consi dered to be Hazard Division 1.2, Storage and
Conpatibility Goup D for purposes of transportation
and storage.

(13) Group S -Explosives, explosive devices, or anmunition
presenting no significant hazard. Expl osives or
ammuni tion so desi gned or packed that, when in storage,
al | hazardous expl osive effects are confined and
self-contained wthin the itemor package. An incident
may destroy all itenms in a single pack, but nust not be
conmuni cated to ot her packs.

d. Newl y synt hesi zed conpounds and m xtures shall be stored in
Group L storage facilities. After nore conplete eval uation
t hose conmpounds or m xtures of continuing interest shall be
assi gned by the Expl osives Devel opnent Committee (see
Chapter VIII, Section 1.1) to the appropriate conpatibility
group, and stored according to the follow ng consi derati ons.

(1) The material’s sensitivity to initiating stinuli
(i.e., friction, inpact, spark, shock, and thermal) is
simlar to that of other explosives in the group

(2) The material’s reactions and the effects of these
reactions, in the event of application of initiating
stimuli, are simlar to other nenbers of the group.

(3) The material is chemcally conpatible with other
menbers of the group. Sensitivity and conpatibility
testing is described in Chapter VIII.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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e.

17.

5

M xi ng of storage conpatibility groups nay be pernmtted as
indicated in Table I1-5. Itenms fromstorage conpatibility
groups B, C, D, E, F, G and S may be conbined in storage if
the net quantity of explosives in the itens (or in bul k)
does not exceed 1,000 Ib and if the itens are in approved
containers. Each article of storage conpatibility groups B
and F shall be segregated in storage fromthose of other
conpatibility groups by neans that will prevent propagation
of those articles. |In addition, sanples of explosives up to
2 kg total, may be stored in the sanme cubicle w thout regard
to the above conpatibility groupings if the cubicle walls
are designed to prevent propagation and the cubicle is
designated for one of the follow ng groups of expl osives:

hi gh expl osi ves;

propel | ants;

detonators, actuators, and simlar devices; or
primary and static-sensitive expl osives.

Contai ners (On-Site)

Expl osi ves contai ners shall be designed and constructed so
they will not leak and will protect their contents from
excessive novenent, external stimuli, contam nation, or
spi |l age during handling, transportation (including
transportation to disposal sites), and storage. Container
cl osures shall prevent spilling or |eakage of contents if
the container is overturned. Screwtype container closures
shoul d not be used.

Expl osi ves cont ai ners shoul d be constructed of, or |ined

W th, nonabsorbent materials that are conpatible with the
expl osi ve contents. Use of glass containers is discouraged,
except for small sanples. dass containers shall be used
only when the explosive reacts with other materials or when
a high degree of purity is required.

Metal containers for materials that are potential dust
producers shall be constructed w thout seans or rivet heads.
Seans and rivet heads can provide |ocations for dust
accumul ati on

Contai ners for cast or pressed explosives pieces that are
| arger than 0.3 mat their greatest dinension or weigh nore
than 5 kg | oaded should be provided with handl es or sone
ot her type of handhold. [If the | oaded contai ner weighs nore

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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t han 50 kg, provisions should be nade to all ow handling by
mechani cal handl i ng equi pnent.

Al'l expl osives containers shall be | abeled. Containers
shall be | abeled with the applicable UNO hazard
classification code and marked in a manner that clearly
identified its contents.

Whenever possible, explosive pellets and itens containing
small quantities of explosives (e.g., detonators) shall be
packaged in containers constructed so the functioning of one
itemw ||l not propagate to the remaining itens in the
container. Wen a nonpropagating array is not possible, the
pell ets or detonators shall be stored inside a closed
contai ner and shall be labeled to indicate the total weight
of the expl osive contents.

Cont ai ner closures shall be the type that will not apply
excessive pinching or rubbing forces to expl osives during

cl osing and opening. The closures and surfaces of container
openi ngs shall be kept thoroughly clean of expl osives
contam nation to mnimze any hazard during closing and
openi ng.

Expl osi ves and ammuni tion in damaged containers shall not be
stored in a nmagazine wth other explosives and anmuniti on.
Damaged contai ners shall be repaired, or the contents
transferred to new or undamaged contai ners, or the container
pl us contents noved to a Group L storage nagazi ne.

Open containers and containers with covers not securely
fastened shall not be stored in nmagazines. Containers that
have been opened shall be properly reclosed before being
returned to storage.

17.6 Storage I n Buildings O her Than Storage Magazi nes

17.6.1 Packi ng and Shi ppi ng Bui |l di ngs

In buildings specifically designated for packing and shi ppi ng,
expl osi ves may be stored subject to the follow ng rul es.

a.

| ncom ng shiprents shall not be allowed to accunul ate and
shall be distributed as soon after receipt as practical.

Itenms for outgoing shipnents should not be accumul at ed
bef ore recei pt of orders covering each specific shipnent.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C.

Separate roons shall be provided for the tenmporary storage
of expl osives awaiting shipnent and for their preparation
for shiprment (i.e., assenbling, crating, marking, etc.).
The roons shall be divided by walls or separated from each
other so an explosion in the preparation area will not
propagate to the tenporary storage area.

The conbi ned total anobunt of explosives permtted in

shi ppi ng/ recei ving buildings, platfornms, and transportation
vehi cl es shall be based on quantity-di stance constraints.

If there is an adequate barricade (sufficient to prevent
synpat heti ¢ detonati on) between transportation vehicles and
the adjoining building or platform the quantities on each
side of the barricade may be considered individually to
determ ne quantity-di stance requirenents.

I f required by operational necessity, explosives and
pyrotechnics that are part of the work in process within the
bui |l ding may be stored during nonoperational hours in
operating buildings provided: (1) explosives limts are not
exceeded, (2) containers of bul k expl osives or pyrotechnics
are properly secured and covered, and (3) processing

equi pnent, such as hoppers and pipelines, is enpty.

17.6.2 Servi ce Magazi nes

The gui del i nes presented above in paragraphs 17.1 through 17.5 of
this chapter for storage nagazi nes shall also apply to service
magazi nes, except as nodified bel ow.

a.

An expl osives item should be stored for no | onger than
necessary in a service nagazine (wth a maxi num of
180 days).

The inventory of each service nagazi ne should be revi ewed
every 3 nonths. Any material that has been in the service
magazi ne for a period approaching 180 days and i s not
expected to be used i medi ately shoul d be di sposed of or
renoved to an appropriate storage nagazi ne.

When practical, explosives stored in service nmagazi nes shal
be in containers. Unpackaged expl osi ves-contai ni ng devi ces
and unseal ed bul k expl osi ves containers nmay be present in a
servi ce magazi ne. However, these itens and unseal ed
containers shall be stored in a manner that renders them
stable and unlikely to be dropped or spilled.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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d. M ni munt maxi mum t enperature nonitors are not normally
requi red for service nagazi nes.

17.6. 3 War ehouses

a. Hazard Class 1.4 materials (see Chapter VI, Section 3.1)
packaged as Hazard Class/Division 1.4, storage conpatibility
group S, nay be stored in warehouses if they are placed in
segregated and specifically designated areas.

b. Articles in Hazard Class/Division 1.4 and storage
conpatibility group S are considered inert for storage
pur poses and are not subject to quantity-di stance
requi renments as long as they are stored with inert itens or
ot her Hazard Cass/Division 1.4S itens only. This applies
only if Hazard Cass/Division 1.4 and storage conpatibility
group S articles remain in their original packaging
containers or are proven to be self-contained. Wen stored
with items in a storage conpatibility group other than S
normal quantity-di stance requirenents must be observed.

17.6.4 Pre-positioned Storage of Security Response Minitions
a. When required for defense against hostile forces, and in
support of response and contingency plans, limted

quantities of authorized response force nunitions nay be
pre-positioned at |ocations other than bul k-storage nmagazi ne
areas. Conpliance with quantity-di stance and conpatibility
criteria is not required during the hei ghtened security

condition. Minitions will be kept in their original
shi ppi ng contai ners unl ess operational necessity dictates
ot herw se.

b. Personnel charged with the responsibility of overseeing

storage of munitions at guard stations and conti ngency
depl oynent sites shall be trained in explosives storage and
transportation, as required in Chapter V of this Mnual.

C. In the event Hazard Class/Division 1.2 is stored inside or
at |l ess than inhabited-building distance frominhabited
bui | di ngs, fragment barriers will be provided. Any of the

following aretrs a mnimally acceptabl e fragnment
barriersbartier: 0.25 in. of mld steel plate; one |ayer of
sand bags; 12 in. of |oose sand or dirt, or other equivalent
protection.
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a.

18. 2

18.3
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DECONTAM NATI ON AND CLEANI NG

Gener al

Qperating procedures shall be prepared to specifically cover
decontam nati on procedures. These procedures should cover
nmet hods, inspection, marking, control, dismantling,

mai nt enance, final disposition, etc.

Hot water or steam may be used to clean up expl osives or
renove expl osives contam nation from equi pment. Sol vents
that have been tested for and are conpatible with expl osives
can be used if necessary. Controls for their use nust be
specified in operating procedures. Only clean cloth rags,
paper w pes, and approved non-netallic brushes or scrapers
shoul d be used in conjunction with hot water, steam and
solvents, to clean or renove explosives material from

equi prent, work surfaces, and fl oors.

The di sposal of waste generated during decontani nation shal
be coordinated with site environnental /waste nmanagemnent
per sonnel .

Cl eani ng Cont am nat ed Equi pnent

Itenms to be cl eaned should be positioned so that water and
residue will drain directly into an approved coll ection
system See Sections 19 and 20 of this chapter for guidance
concerning waste coll ection and waste di sposal.

Personal protective equi prent as required shall be used by
per sonnel decontam nating facilities and equi pnent.
Emer gency shower and eyewash shall be provi ded where needed.

Exhaust ventilation may be required to renpove toxic
expl osives fumes or vapors and/or steamfromthe
decont am nati on area.

Cl eani ng Screw Thr eads

To avoid the necessity of cleaning explosives fromthreads,
expl osi ves processing techni ques shall be designed to avoid
t he deposition of explosives on threaded fasteners. Wen it
IS necessary to use screw threads, sone type of covering or
protection (i.e., RTV cenent) over the exposed threads
shoul d be provi ded.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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b.

18. 4

Threads shoul d be cl eaned by judici ous use of approved non-
metal "picks," solvent, or hot water, or steam Soaking in
solvents and the application of a penetrating oil nay be
useful .

After decontam nation of threads of screws, bolts,
pi pe, etc., it may still be advisable to provide operator
protection to facilitate their disassenbly.

Fi nal Decontani nati on and D sposal of Equi pnent

If the itemto be decontam nated has only snooth, flat
surfaces (i.e., no cracks, seans, voids, or other places
wher e expl osive residue may be inaccessible), hot water,
steam or solvents may be enployed to effect total

decontam nation. Any expl osives contam nation of concern
will be visible to the unaided eye and will have di nmensions
(length, wi dth, and depth).

If the itemto be decontam nated has tight places where
expl osi ves may remai n | odged foll ow ng nornmal cleaning
procedures, the itemshall be subjected to fina

decontam nation techniques. To facilitate cleanup, sone
itenms may have to be partially disassenbled during the
decont am nati on operati on.

(1) Final decontam nation by thermal techniques shall be
done by subjecting the itemto sustained heating at a
tenperature at | east 60°C higher than required for
deconposition of the nost thermally stable explosive
substance present. The itemshall be kept at that
tenperature for a sufficient period of tinme to ensure
that all parts have reached the tenperature and al
expl osives material is deconposed. This is usually
done by placing the iten(s) to be decontam nated in a
hi gh-tenperature sustained fire (see TB 700-4,
Decont am nation of Facilities and Equi pment) . This
operation shall be conducted renotely or with operator
protection.

(2) Final decontam nation may al so be acconplished by
imrersing the itemin a chem cal cleaning agent. The
period of inmersion shall be of sufficient duration to
ensure that all explosive material is chemcally
deconposed. The chem cal cleaning agent shall be one
that i s approved for use by the Departnent of Arny
TMB-1300-214, Mlitary Explosives Standards. Chem ca
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cl eani ng agents for decontam nation or destruction of
expl osi ves shoul d not be used for nore than about onet
oz. (or about 28 g) of explosives. Reference

U S. Departnent of the Army TM-1300-214 for
decont am nating chemicals for explosives and for col or
tests for identification of energetic materials.

(3) Before subjecting the itemto final decontam nation by
thermal or chem cal techniques, as nuch expl osive as
possi bl e shall be renoved by the approved neans (hot
wat er, steam and approved solvents in conjunction with
cloth or paper w pes and non-netallic brushes or
scrapers).

18.5 | nspection

After decontani nation procedures are conplete and before transfer
to a nonexpl osive area, the itemshall be inspected. The degree
of decontam nation shall be determ ned/ docunent eddetermnred—and
docurrented, and the itemshall be |abeled to indicate its
decontam nated state. Inspection should be acconplished by
representatives of at |east two departnents, such as the
operating departnment and the safety departnent.

18.6 ldentification and Control of Decontam nated |tens

a. Decontam nated itens shall be marked to indicate the degree
of decontam nation and stored separately from
non-contam nated itens until final disposition is mde.

b. Degrees of decontam nation shall be designated and itens
shal |l be tagged and/or marked with this designation.

C. Qui delines for establishing a systemfor designating degrees
of decontam nation are provided bel ow.

(1) X — Asingle Xindicates the facilities or equipnent
have been partially decontam nated. Further
decont am nati on processes are required before
facilities or equipnment are noved or any mai ntenance,
repair, etc. is performed. This degree would generally
be applied to facilities or equi pnent that have been
subj ected to routine decontam nation performed by an
operator on a piece of equipnment, room bay, or
bui l ding at the cl ose of the workday.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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(2) XXX — Three Xs indicate the equi pnent or facilities
have been exam ned and decont am nated by approved
procedures and no contam nation can be detected by
appropriate instrunentation, test solutions, or by
vi sual inspection on easily accessible surfaces or in
conceal ed housings, etc. and are considered safe for
the intended use. |Itens decontam nated to this degree
cannot be furnished to qualified, DOE, DoD, or industry
users or be subjected directly to open flame (cutting,
wel di ng, high-tenperature heatingheating devices), or
operati ons whi chthat generate extrene heat, such as
drilling and machini ng, unless the follomﬁng t wo
conditions are net:

(a) It is determ ned that decontam nation to the XXXXX
|l evel will destroy the useful ness of the item
and,

(b) Decontam nation to a degree | ess than XXXXX in
conmbi nation with adm nistrative and technica
safeguards will elimnate risk of injury. As a
m ni nrum an approved SOP (setting forth the
specific operational limtations, precautions to
be observed, and nonitoring necessary to
assur eensure safety) will be avail able and
decontam nation will be perforned under the
direction of the inspector(s) who will certify
decont am nati on.

(3) XXXXX — Five Xs indicate the equipnment or facilities
have been conpl etely decontam nated, are free of
hazard, and may be rel eased for general use or to the
general public.

(4 O — A (Zero) indicates the item although |ocated in a
contam nated area, was never directly exposed to
cont am nati on.

d. Ref erence U.S. Departnment of the Arnmy TB700-4,
"Decontam nation of Facilities and Equi pnent"” for
decont am nati on met hods and mar ki ng.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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18. 7 Decontami nation of Real Estate

For decontam nation of real estate reference DoD 6055. 9-STD.

18. 8 Decontam nation and d eani hg Ref erences

In addition to this Manual, the following are reference sources
for decontam nati on and cl eani ng.

. DoD 6055. 9- STD, Departnent of Defense Anmunition and
Expl osi ves Safety Standard, Assistant Secretary of Defense
(Force Managenent and Personnel), Chairnman Departnent of
Def ense Expl osives Safety Board, 2461 Ei senhower Avenue,
Al exandria, VA 22331.

. Departnment of the Arnmy Technical Bulletin TB 700- 4,
Decont am nation of Facilities and Equi pnent, Arny AG
Publ i cations Center, St. Louis, M

. Departnment of the Arnmy Techni cal Manual TM-1300-214,
Mlitary Explosives, Arnmy AG Publications Center, St. Louis,
MO.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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19. 0 WASTE COLLECTI ON
19. 1 General

a. Provi sion shall be made for renoval of explosives waste from
any area in which explosives waste i s generated. Renoval of
expl osi ves waste may be acconplished by collecting
dust/fines in a wet or dry vacuum system collecting
dust/fines or chips in a slurry of water or nonflammabl e
solvent, or by collecting solid waste in receptacles (see
al so Chapter 1l, Sections 9, 10, and 11).

b. Expl osi ves waste shall be coll ected and nai ntai ned
separately from conventional waste.

C. M xi ng of inconpatible explosives shall be avoi ded.
Receptacl es shall be clearly |abeled to indicate the type of
wast e perm ssi bl e.

19.2 Solid Wastes

a. Each expl osives area in which solid explosives wastes are
generated (that are not renoved by vacuum or |iquid systemns)
shall be equipped with a seam ess or |ined receptacle in
whi ch expl osi ves wastes can be collected. The receptacle
shoul d never be nore than half full

b. Expl osi ves waste shall be renoved fromthe collection point
on a reqgular basis, frequently enough to keep the aggregate
expl osives levels within the explosive weight limts.

C. Rubbi sh not contam nated by expl osives or containing
nonconbusti ble materials shall not be placed in an
expl osi ves waste receptacle.

d. Rubbi sh cont am nated by expl osives shall be placed in
separate waste contai ners and al so segregated as
combusti bl es and nonconbusti bl es.

e. Bef ore being transported, explosives waste shall be packaged
to prevent spillage, |eakage, or exposure to initiation
stimuli. Inconpatible materials shall not be packaged

together. All packages of explosives waste shall be clearly
| abel ed to indicate the nature and approxi mate quantity of
contents.

19. 3 Vacuum Col | ection of Expl osives Dusts

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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a.

Expl osi ves dusts should be collected by a vacuum system
preferably the wet type. Wen using a wet vacuum system

t he dust should be maintained in a wet formusing a wetting
agent that is kept close to the point of origin; the dust
shoul d al so be kept wet in the collection systemuntil
removed for disposal. Water-sol uble expl osives such as
Expl osi ve D shoul d be collected dry.

St orage conpatibility group A explosives may be coll ected by
a vacuum system provided they are maintained in a wet form
using a wetting agent that is kept close to the point of

I ntake. Use of a vacuum system for collecting these nore
sensitive materials should be confined to operations

i nvolving small quantities of expl osives.

Dry-type dust collection chanbers, except portable units,
shoul d be located in the open and outside operating
bui | di ngs; they may be inside if adequate shielding is
provi ded. The quantity of explosives collected shall not
exceed the capacity of the shielding to protect operating
personnel. This limt shall be determ ned by the degree of
barri cadi ng and the appropriate intraline distance.

If dry dust collection outside the building is not

practical, a separate roomor shielded area within the
bui | di ng shall be designated for this purpose. This room or
shi el ded area shall not contain other operations, nor shal

it be used as a conmuni cating corridor or passageway between
ot her operating |ocations within the building when
expl osi ves are being coll ected.

Stationary and portable wet-type collectors nmay be placed in
t he expl osives operating bays or cubicles if the quantity of
expl osives in the collectors does not exceed 2 kg. |If

pl aced i n separate cubicles, the explosive weight limts nay
be increased by an anount determ ned by the extent of the
cubicle walls’ capabilities to serve as operational shields.

Col l ection systens and chanbers shall be designed to prevent
expl osi ves from bei ng pinched between netal parts. See
Sections 9 and 10 of this chapter for additional design

I nformati on.

Two col | ection chanbers shall be installed in series ahead
of the punp or exhauster to prevent explosives dust from
entering the vacuum producer in dry vacuum col | ection

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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systens. I n addition, nonsparking fans and dust-ti ght
notors shall be used.

Dry-type portable vacuum coll ectors shall not be |ocated in
a bay or cubicle where expl osives are present or in enclosed
ranps, but may be positioned outside the building or in a
separate cubicle. The building or cubicle walls shal
provi de adequate shielding for at |east 2 kg of expl osives
and the explosives limts shall be defined by shielding and
quantity-di stance constraints.

Expl osi ves dust shall be renoved periodically fromthe
col l ection chanber to elimnate unnecessary and hazardous
expl osi ves concentrations. The entire system should be

cl eaned periodically, dismantling the parts if necessary. A
cl eaning schedul e for the collection chanber and the entire
system shal|l be established using the operating hours as a
basi s.

The entire expl osives-dust collecting systemshall be

el ectrically bonded and grounded with resistance-to-ground
not exceeding 10 ohnms. The grounds shall be tested
periodically.

Expl osi ves Slurries

Machi ne tools shall be fitted with wet boxes to catch and
direct water and explosives fines to an expl osives waste
gutter system

Wast ewat er that m ght contain explosives materials shall be
kept from contam nati ng potable water or conventi onal
wast ewat er systens.

Settling tanks shall be regularly inspected to nonitor the
accunul ati on of waste. Records shall be kept of waste
renoval s.

I f punmping is involved in removing the settled expl osives
froma slurry settling tank, the operation shall be arranged
to preclude exposure of the explosive material to any
pinching in the operation.

Expl osives materials in the settling basins shall be kept
wet until renoved and the materials shall be maintai ned wet
until spread out for disposal. Explosives materials

contai ning powdered netals shall be kept sufficiently wet to

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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prevent a dangerous tenperature rise resulting froma
reaction of the netal wth water. The possibility of
hydrogen generation in this situation nmust be antici pated.

19.5 Metal Scrap

a. Metal scrap shall be inspected to detect
expl osi ves-contam nated itens and shall be certified by
qgual i fi ed responsi bl e personnel to be free from expl osi ves
bef ore di sposition.

b. If the scrap is found to be contam nated wi th expl osives, it
shal | be decontami nated in accordance with fina
decontam nati on procedures (see Section 18.4 of this
chapter).

19. 6 Expl osi ves Recovery and Reuse

a. Sal vaged expl osives materials shall be thoroughly inspected
by operating supervisors and reused, screened, reprocessed,
or destroyed as the situation warrants.

b. Sal vaged expl osives materials shall be classified as storage
conpatibility group L until they have been established to be
conpatible wth the original materi al

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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20. 0 WASTE DI SPOSAL

20.1 Preparation for Open Burning

a.

Preparations for burning explosives waste on a pad or in a
pit, or for placing explosives waste, shall not begin until
24 hours after the previous burn at the sane burning point.
The only exception is if the burning area has been

t horoughly soaked with water and inspected by qualified
personnel to ensure the safety of personnel during
subsequent burning operations. |In any case, the burning
poi nt shall be inspected for residual enbers or hot spots
bef ore | oading with expl osives.

Bef ore begi nning preparations, firing controls shall be
di sconnected fromthe power source and the circuit shunted
and grounded.

| nconpati bl e expl osives materials shall not be in the sane
pit or on the sane pad at the sanme tine.

Cont ai ners of explosives materials shall not be opened | ess
than 3 mfrom each ot her

Enpty expl osives waste containers that are to be reused
shall be situated an adequate di stance fromthe burning
point to prevent charring or damage during the destruction
oper ati on.

A | ayer of excelsior or simlar material should be placed on
the bottomof the pit or pad for placenment of the explosives
wast e.

Expl osives in powdered, granular, or slurry formshould be
placed in a layer not nore than 8 cmthick. Water-wet
Initiating explosives (storage conpatibility Goup A shal
not be allowed to becone conpletely dry.

Wod, and—heating oil, LPG or natural gas are authorized
for use tray—be—usetd—as an aid to ensure conpl ete conbustion
of the expl osives waste material .

The ignition train should be set up to burn upw nd.
The firing circuit shall require a key for conpletion. Only

one copy of the firing key shall exist, and it shall be in
the | ead operator’s possession.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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K.

20. 2

20. 3

Radio transmtters in the control shelter and vehicles at
the burning site shall be turned off during setup and firing
to protect against radio frequency currents.

Precautions shall be taken to ensure that the firing system
wi Il not be unintentionally activated by extraneous

el ectrical currents from any source.

Prim ng of the burn shall be acconplished after all other
preparation work is conplete and wth a m ni nrum nunber of
per sonnel present.

I gnition shall be acconplished renotely.

Destruction by Burning or Fl ashing

Expl osi ves waste nmay be destroyed by burning (renotely) if
It can be done with little chance of detonation

Expl osi ves-cont am nated waste may be burned renotely in a
W re cage.

An open furnace or burning area for explosives should be
used for destruction of wet-nmachining cuttings and
classified parts. The furnace or burning area nmay al so be
used for flashing casings after washout of an expl osive
char ge.

Expl osi ves should not be burned in closed containers or
casings, nor in large pieces likely to detonate. Speci al
attention should be given to the placenent and orientation
of large itens and those in closed containers or casings.
Approved incinerators may be used to destroy snall devices
such as detonators, actuators, etc.

Concurrent burning operations shall not be conducted wthin
45 m of each ot her.

When several pads are burned, the downw nd pad shall be
ignited first, followed by the others in succession to the
upw nd pad.

I gnition System Ml functi ons

If the ignition systemfails to fire, check the circuit’s
continuity and refire if no open circuits are detected.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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If the squibs did fire but failed to ignite the ignition
train, survey the area by renote neans, and wait at |east
30 mnutes. If it then appears safe to enmerge fromthe
control shelter, disconnect, shunt, and ground the firing
circuit and inspect the squibs, firing system or ignition
train.

Post burn Operati ons

No entry shall be allowed into the pit area until at | east
8 hours have el apsed foll owi ng an open burn.

The squib firing lines shall be disconnected, shunted, and
grounded before the burn area is entered.

Unburned or partially burned expl osives materials renaining
in the pit shall not be raked or otherw se disturbed. The
burni ng operation shall be repeated to destroy any renaining
expl osi ves wast e.

At | east 24 hours shall el apse before ashes are coll ected
and the pit prepared for another burn.

Di sposal Area

Expl osi ves waste destruction operations shall be separated
from nmagazi nes, inhabited buildings, public traffic routes,
and occupi ed operating buildings to ensure that personnel
and facilities are not exposed to hazardous bl ast

over pressure, fire brandsft+rebrands, fragnents, or
projectiles fromburning or detonation of explosives. The
foll ow ng separation distances shall apply:

(1) Destruction by open burning or flashing shall not be
performed within 730 m (2395 feet), unless carried out
In pits or with other aids for |imting the range of
fragnents and debris in event of an accidental
detonation. In no case may the¥The pit shatH——mot—be
| ocated at | ess than 204 m (669 feet) for weights of
45 kg (99 pounds) or less and 381 m (1250 feet) for
wei ghts exceeding 45 kg (99 pounds). Sites should be
| ocated in relation to the direction of the prevailing
wi nds so that sparks will not be blown toward
expl osi ves | ocati ons.

(2) The size of the danger zone for destruction by open
detonation shall be determned by the formul a

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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D(m = 131QY3 [D(ft) = 328W?* . The nini mum separation
di stance shall be:

Non-fragnenti ng expl osive naterials 381 m
Fragmenti ng expl osive materials 762 m

Bonbs/ projectiles with 5 in. caliber
or greater 1,220 m

I f known, the maximum fragnment (debris) throw distances
with an applicable safety factor nay be used to repl ace
the 762 mand 1,220 m m ni mum separ ati on di stances but
not bel ow 381 m

(3) Self-contained destruction facilities fully analyzed
for the intended net explosives weight (NEW are exenpt
fromthe above requirenents.

b. The maxi mum quantity of explosives that nmay be destroyed at
one time shall be determ ned by starting with a snal
quantity, gradually increasing until an optinmm anmount,
consistent with safe and efficient operation, is achieved.

C. Expl osi ves waste and ordi nary rubbi sh shall not be destroyed
in the sane destruction area at the sane tine.

d. When destruction operations are being carried out, the area
within 60 mof the destruction point shall be kept clear of
dry grass, |eaves, and other extraneous conbustible
material. This clearance may be reduced to firebrand
distance if aids for Iimting the range of fragnents and
debris are provided for all the destruction points used
w thin the disposal area.

e. Expl osi ves waste awaiting destruction shall be stored at
| east intraline distance fromthe expl osives being
destroyed.

f. Provi sions for energency fire fighting shall be readily

avai l abl e at the waste di sposal area.

20.6 Destruction by Detonation

a. Cased expl osives shoul d be renpbved fromthe case and burned
or the cased item destroyed by detonation. Detonators,

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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primary explosives, and other explosives that m ght detonate
I f burned should al so be destroyed by detonation.

b. The detonation should be initiated by a hi gh-energy
detonator (e.g., an EBW.

20.7 Use of Sol vents

a. Smal | quantities of explosives and expl osi ve detonators may
be prepared for destruction by solvent inmrersion.

b. The itens to be destroyed shall be soaked in a suitable,
conpati bl e solvent until all the explosives material is
di ssol ved. Saturated solvent solutions shall not be reused.

C. The sol vent - expl osives m xture shall be destroyed by
bur ni ng.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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21. 0 LABORATORY OPERATI ONS

21.1 Genera

a.

The safety guidelines presented in this section are
applicable to general |aboratory operations involving

expl osive materials. Laboratory operations shall be
conducted in a manner that maintains enpl oyee exposures to
hazardous chemi cals at or bel ow the perm ssible exposure
limts (PELs) and conplies with the facility chem ca

hygi ene pl an.

Laboratory work invol ving expl osives materials shall be
performed only in accordance with the provisions of witten
operating procedures (see Chapter VII). Laboratory
operations shall conply with the requirenents of NFPA 45,
"Fire Protection for Laboratories Using Chemcals,"

i ncluding the requirenents for electrical equi pnent and

Wi ring.

The quantity of explosives present in the |aboratory shal
be the mnimumrequired for the operationsexpert+fent and
should rﬂ—a++—eases—shakk—be at or beIOM/aSS|gned I|n1ts -

eeﬁ%arﬁefs— Storage naterlal not in process |s allomed
provided it is secured when the |aboratory is not occupied.
The material shall be configured in a manner to preclude
exceedi ng the Maxi num Credi bl e Event ( MCE)

Open flanmes shall be prohibited in | aboratories where
expl osi ves or flammabl e sol vent vapors are or nay be present
unl ess allomed by approved hazards assessnent or

f—Di sposal of expl osives through |aboratory drains shall be

forbi dden unl ess the drain plunmbing has no traps and is

desi gned to handl e explosives (i.e., is provided with a sunp
or other device for the collection of solids). Even if a
drain is designed to handl e expl osives, deliberate disposa
of explosives in these drains should be

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Table ,l1-6. Safety shields for explosives | aboratory
operati ons.

M ni num
di stance from Expl osi ves
Shield expl osive (cm limt

Leat her gl oves, jackets or ---- 50 ng
coats, and plastic face
shi el ds 8 50 ng
3-mm t enper ed gl ass

15 2.5 ¢
7-mm Luci t e/ equi val ent
mat eri al 15 10 g
20- mm Luci t e/ equi val ent 20 20 g
mat eri al

30 50 ¢

15-mm | am nat ed resi st ant
gl ass 30 50

(steel confined)
25. 4- mm Lexan/ Lexguard

2 units each of 25.4-mm
plate glass |lam nated with
12. 4- mm pol ycarbonate with a
9.5-mmair gap between units
(gl ass sides facing the
expl osi ve)

Recent bl ast testing has shown that |am nated tenpered glass is superior to

nmonol i thic tenpered gl ass, and pol ycarbonate is superior to acrylic plastics, such
as Lucite. Lam nated tenpered glass is recommended instead of nonolithic tenpered
gl ass and pol ycarbonate is reconmended in lieu of acrylic. the shields are
recommended to be of equal or greater thickness than those listed in the table.
Proof testing is highly reconmrended. when designing and/or replacing a safety
shield with a polycarbonate, it should be UV stabilized, treated for abrasion

resi stance, and have met M| Spec P-46144C. \en designing and/or replacing a
safety shield wit |lam nated glass, it should be coated with a 0.1 nm fragnent-
resistant film on the viewer’s side to minimize spalling. the shield, shield frame,

and anchoring.system shall be designed to resist maximum credible overpressure and

fragments. t t i
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avoi ded. These drains should be used only for the purpose
of cl eaning up explosives spills. Special care should be
exercised to prevent entrance of conmpounds into drains that
may react with iron or rust to formsensitive salts

(e.g., picrates and picric acid).

g. Sol vents or other substances that are flammuable shall be
prot ected agai nst electrical sparks, heat, and open fl anes.

h. Sui t abl e guards shall be provided for all glass or fragile
equi pnent that nust w thstand reduced or el evated pressure.

21.2 Safety Shields

a. If a |l aboratory operation involves an expl osi on hazard,
per sonnel should be protected by safety shields or the
operation should be perfornmed by renote control. Table I1-6
lists shields that have been tested and found acceptable for
the indicated quantities of explosive. Shields listed in
this table were not tested for netal -fragnent penetration
(unl ess specifically indicated) and thus may not offer
effective protection when the explosive is closely confined
in a heavy-wal |l ed netal container. ("Heavy-walled" is
defined here as wall thickness to dianeter ratio greater
than 0.01.)

b. I f an experiment presents a netal -fragnent hazard (as
opposed to a gl ass-fragnent hazard), and the experi nent
cannot be conducted renotely, the proposed shield should be
tested and approved under conditions sinulating an expl osion
in the experinental setup but with at |east 125% of the
anti ci pated expl osi ve content.

C. The shield shall be anchored to the hood frame or bench top
when it is being used for protection against nore than 5 g
of TNT equi val ent.

d. O her shields may be used after successfully passing a test
of 125% of the rated expl osive charge and bei ng approved.

e. For confined areas, a blast vent having | ess strength than
the shield shoul d be provided.

f. When expl osi ves operations require personnel to reach around
a shield to mani pul ate equi pment, exposure shall be
m ni m zed.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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21. 3 Heating Operations

a.

During synthesis, fornulation, or experinental work, heat
may be applied to initiate or maintain reaction, to increase
solubility, etc., if the principles below are followed.

(1) Heat shall be applied indirectly using steam a water
bath, oil bath, or an approved | aboratory el ectrical
heati ng devi ce such as a mantl e.

(2) Unost caution shall be exercised to ensure that
reactive material does not come in direct contact with
t he heating el enents.

(3) If an experinment nmust be conducted behind a shield, any
heati ng device shall be nounted so that tenperature can
be controlled fromthe operator side of the shield.

The heating device should be nounted so it can be

qui ckly separated fromthe reaction vessel without
oper ator exposure. Consideration should be given
during design of the experinment to providi ng energency
cooling for the reaction vessel or its contents.

(4) Heating of explosives with devices w thout proper
controls shall be nonitored at all tinmes, and if the
operator nust |eave for any reason, the heating device
shoul d be turned off. Heating systens that will be
oper ated unattended shall have dual controls, an
override shutoff, or sone other protection agai nst
failure of the primary heating control. Systens
capabl e of total containment of the effects of an
expl osi on may be exenpted fromthis requirenent.

Peri odi c checks should be nade to ensure that an experi nment
is proceeding satisfactorily and that the apparatus is not
boiling dry, malfunctioning, or the like. 1In the case of
renotely controll ed operations, provisions shall be rmade for
such observation, using such equi pnent as mrrors,

tel evision nonitors, etc.

21.4 Laboratory Setups

Good wor kmanshi p and | aboratory practice shall be exercised in
maki ng and operating | aboratory setups. |In particular,
cogni zance nust be taken of the follow ng points.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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a. Equi prrent and apparatus shall be clean, in good condition,
and i n good worki ng order.

b. Al'l gl assware and apparatus shall be inspected for cracks,
defects, etc., before use. Defective or damaged equi pnent
shal | be renoved from servi ce.

C. Setups shall be geonetrically and structurally stable.
d. Wrk areas should be as neat and uncluttered as
circunstances will permt.

21.5 Low Concentrati on of Explosives in Sol ution

a. After explosives are in dilute solution (less than 33%
expl osives by weight), the primary hazard shall be
consi dered as that associated with the solvent and not with
t he expl osi ve.

b. Until the explosive is in solution, or if for any reason the
expl osive recrystallizes or precipitates out of solution,
the safety guidelines for pure explosives shall apply.

21. 6 Expl osi ves Sanpl e Control

a. Sanpl es shall be delivered to the | aboratory only at
speci fic designated | ocations.

b. Each sanple shall be properly identified and | abel ed.

C. Upon conpl etion of the required tests or anal yses, the
sanpl e should be renpved fromthe | aboratory.

d. Al'l sanpl es of new experinental explosive material submtted
to a laboratory for analysis should be acconpani ed by an
i nformati on sheet giving avail able safety informtion.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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22. 0 EMERGENCY CONTROL
22.1 Placarding and Fire Synbols

Bui | di ngs and areas shall be placarded to warn of potenti al
hazards from expl osives and to provide information crucial to
dealing with emergency situations. This includes the use of
appropriate fire synbols as specified in DoD 6055.9-STD or the
NFPA 704 Standard, provided placarding is applied consistently
t hroughout the entire facility.

22. 2 Expl osi ves Energency Control Pl ans

a. Each installation shall have a witten plan, prepared
specifically for that installation (it my be necessary to
break it down for each operating area), for the control of
enmer genci es invol ving expl osives. The expl osi ves energency
control plan may be part of the overall energency control
plan for the facility. Al facility personnel shall be
trained in the content of the plan applicable to their area.
The plan shall be available to all personnel for ready
r ef er ence.

b. Emergency situations that should be covered, as applicable
to the facility, are as follows:

(1) fires and expl osions;

(2) floods;

(3) extrene weather conditions;

(4) conditions resulting in environmental disturbances;

(5) civil disturbance;

(6) threats and bonb scares;

(7) eneny attack; and

(8) any other energencies that require rapid nobilization
of personnel and equipnent to mnimze death and injury

to personnel or to prevent the spread of danage and
destructi on.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C. Subj ects that should be addressed by the plan include:
(1) reporting an energency;
(2) decision to activate the energency pl an;
(3) authority and responsibility for adm nistering and
executing the plan;
(4) nobilizing personnel to conbat the energency or
di saster;
(5) roles of operating personnel in conbatting the
ener gency;
(6) procedures for conbatting the energency or disaster
(7) accounting for and evacuation of personnel; and
(8) plant and docunment security.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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CHAPTER 111
EXPLOSI VES AND PERSONNEL LI M TS AND CONTROL

1.0 EXPLOSIVES LIMTS

The quantity of explosives at an operating |ocation shall be the
m ni mum necessary to carry out the operation in a safe and

ef ficient manner. \Wen practical, this quantity shall be
subdi vi ded and adequately separated to prevent propagation of
detonation. Supplies exceeding this mnimmquantity shall be
removed fromthe operating area.

In no case shall the quantity of explosives permtted in an
operating buil ding exceed the maxi mum permtted by the quantity-
distance criteria. Quantity-distance criteria and guidelines for
application of these criteria are presented in Chapter VI of this
Manual .

2.0 PERSONNEL LIMTS

The nunber of personnel at an operating |ocation shall be the

m ni mum consi stent with safe and efficient operation. 1In
establishing personnel limts, the follow ng principles shall be
f ol | owed.

a. Jobs not necessary to the performance of a hazardous
expl osi ves operation should not be performed in the sane
| ocation as the hazardous operation. Personnel not needed
for the hazardous operations will not be allowed in
hazar dous | ocati ons.

b. Personnel limts shall allow for necessary casual s.

C. Suf ficient personnel shall be available to performa
hazar dous operation safely and, in the event of accident, to
obtain help and aid the injured.

d. No person shall work al one perform ng expl osives activities
that have a high risk of serious injury. Pronpt and easy
comuni cations with other enployees shall be provided.

Faci lity managenent shall specify which expl osives
activities may be perfornmed al one.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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3.0 LIMT CONTROL

3.1 Posting and Recordi ng

Al'l rooms, bays, and buil dings containing explosives shall have
posted in a conspicuous place a standardi zed placard stating the
maxi mum anmount of expl osives and the maxi num nunber of workers
and casuals permtted in the control unit at any one tine.

Maxi mum expl osi ves and personnel limts for all buildings and
bays for each expl osives area shall be recorded and mai ntai ned on
file.

3.2 Linmt Review and Approvals

Managenent personnel with authority and jurisdiction over an
operating bay or building shall periodically review expl osives
and personnel |imts for each |ocation and recommend changes as
required. |If the use of a | ocation changes, personnel and

expl osives weight limts shall be reviewed at the tinme of use
change and limts reestablished as required.

Changes in explosives and personnel limts shall be reviewed and
approved in the sanme manner as operating procedures (see
Chapter VII).

A procedure shall be established for the approval of tenporary
changes in explosives and personnel limts for an operating
| ocati on.

3.3 Personnel Controls

A system shall be established to control the presence of
personnel w thin expl osive operating areas.

3.4 Expl osives Control

A system shall be established to control the anmount of expl osives
present in an explosives facility and shall be verifiable.

4.0 IHE LIMTS

When no ot her explosives are present, IHE weight limtations
shal | be based on separation distances for Hazard Class 1.3

expl osives (see Chapter VI, Section 3.1) or equivalent protection
provided by facility design features. The quantity of |HE at an
operating |l ocation shall be the m nimum necessary to carry out

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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the operation in a safe and efficient manner. —Fhis—quant+ty
shoutd—rot—exceed—an—8=hour—stuppty—

IHE imts for pressing shoutdbethe—sare—asthose—established
for—dry blending, dry mlling, dry screening, and certain
machi ni ng operations (see Chapter I1-12.4.2c), should be the sane

as those established for HEether—exptostves—pressing operations.
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CHAPTER |V
PERSONAL PROTECTI VE CLOTHI NG AND EQUI PMENT

1.0 CLOTH NG AND PERSONAL EQUI PMENT

1.1 dothing

Each operation shall be analyzed to determ ne when personnel

wor king with expl osives and toxic materials nust wear approved
coveralls or laboratory coats to prevent contact with the
materials and to prevent contam nati ng personal apparel. Flane-
retardant coveralls may be desired for certain expl osives
operations when the possibility of a flash fire exists. These
coveralls shall not have cuffs and should not have netallic
fasteners. Witten procedures shall include protective clothing
and equi pnent requirenents.

Cotton (or other antistatic material) outer and undergarnents,
I ncl udi ng socks, should be worn where generation of static
electricity would create a hazard.

1.2 Foot wear

Personnel working in a building or area where electrostatic-
sensitive explosive powders or materials are handl ed shall wear
conductive, nonsparking footwear. Exception: personnel working
on electrical or electronic equi pnment shall not wear conductive
footwear unless protected by insulated mats, ground fault circuit
interrupters (GFCl), etc. Personnel working in other areas where
expl osi ves contam nati on may be present shall wear nonsparking

f oot wear or bootie shoe coverings.

1.3 Respirators

Appropriate, approved respiratory protection shall be used when
exhaust ventilation is not available, or does not adequately
control airborne particul ates, gases, or vapors |iberated during
expl osives operations. The enpl oyee nust have current approval
to wear respiratory protection (medical exam respirator fitting,
and training).

1.4 Eye Protection

Sui t abl e eye protection devices nust be worn by all personnel
when working or visiting in eye hazard areas, particularly when
el ectroexpl osi ve devices (EEDs) are handl ed. The type of
expl osi ves operation shall be evaluated for eye hazard ri sks.
Contact | enses shall not be considered as an appropriate eye
protection.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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1.5 doves

Skin contact with sone explosives, and with sone materials used
in conjunction with explosives, can result in dermatitis or
absorption across the skin barrier. Each type of operation that
uses these materials nust be evaluated for potential skin contact
hazard and the need for the proper type of gl ove.

2.0 MAI NTENANCE AND TESTI NG

2.1 Equi pnent Mii nt enance and | nspection

Personal protective equi pment shall be properly maintained; the
operator’s life may depend on the proper functioning of the
equi pnment. An appropriate inspection schedule shall be

est abl i shed.

2.2 Conductivity Testing

When conductive footwear is required, the conductivity shall be
tested initially and regularly thereafter to ensure continued
conductivity from person to ground.

2.3 (deaning and Disinfecting

Provi sion shall be made for the |laundering and disinfecting of
protective garnents and devices. Attention to cleaning and
disinfecting is especially inportant for equi pnment worn about the
face. Because |aundering affects the flane-retardant properties
of fabric, flame-retardant coveralls should be tested to
establ i sh the maxi mnum nunber of |aundering cycles permtted.

2.4 Contam nated d ot hing

I f clothing becones contam nated, as nuch contam nant as possible
shoul d be renoved by w ping or dusting; conpressed air shall not
be used for this purpose. |f obvious contanination remains,
clothing shall be changed.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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CHAPTER V
TRAI NI NG

1.0 GENERAL

Personnel shall be properly trained before they are assigned to
any expl osives operation or operate any expl osives-carrying
vehicle. The training for explosives work, which serves to

assi st in conducting work safely and devel opi ng safety awareness,

shal | i nsureenstre that personnel

. devel op and nmaintain a safe attitude towards work with
expl osi ves;

. define and understand the potential hazards invol ved,

. | earn correct skills for safe perfornmance of the task;

. are prepared for unexpected hazardous conditions; and

. read and understand the appropriate operating procedures.

2.0 SUPERVI SORY RESPONSI BI LI TY

The supervisor shall be responsible for the foll ow ng:

. determning the training required for the worker (or
resear cher);

. verifying that the worker is adequately trained to perform
the task safely and efficiently;

. ensuring that the worker can performrequired energency
duti es;

. provi ding on-the-job training for the worker; and

. continual |y updati ng worker training.

3.0 TRAI NING AND QUALI FI CATI ON PROGRAMS

Each organi zati on shall have a training and qualification
program The following is an exanpl e.

a. After successfully conpleting training for an assi gnnent,
t he worker should be qualified for that task for a specific

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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period of time. Maintenance of qualification should be
governed by the follow ng itens:

(1)

(2)

(3)

(4)

(5)

At the end of the initial qualification period,
qgual i fication may be extended for subsequent specific
time periods if:

. t he worker has successfully performed the task
during the preceding six6 nonths and has read and
under stands the current operating procedures; or

. the worker receives refresher training and is
again determ ned to be qualified by his/her
super vi sor.

Retraining in the specific area of weakness should be
requi red of workers who do not denonstrate job
proficiency or who subsequently viol ate safe practices.

If an operating procedure is nodified substantially,
all personnel using that procedure should be retrained
in the use of the new procedure.

A person should not be permtted to continue working
with explosives if the supervisor, with counsel from
medi cal personnel, determ nes that the person is unable
to performthe task safely. Possible reasons include:

. physical injury or illness;
. di sease; and . .
. nment al or enotional disturbances.

Records shoul d be mai ntai ned for each worker,
i ncl udi ng:

. description and dates of training received;
. description and dates of refresher training;
. a signed "statenent of understanding” for

operati ng procedures;

. attendance at safety neetings and participation on
safety conm ttees; and

. qualification review by supervisor

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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The supervisor nmay tenporarily authorize an enpl oyee
who has not conpleted the required training to perform
the task if the followi ng conditions are satisfied.

. The supervisor determ nes that the enpl oyee has a
wor ki ng know edge adequate to performthe task
safely.

. The work is directly supervised by a qualified
per son.

Enpl oyee hazardous materials information and training
prograns are required for personnel working wth explosives
and hazardous nmaterials used in conjunction wth expl osives
operation. Training should include:

i nformati on on the physical and health hazards;

t he purpose and proper use of engineering controls,
wor k practice controls, and protective equi pnent;

| abel i ng systens and Material Safety Data Sheet terns;
and

detection nmethods for the presence or release of a
hazardous material in the work area.

UXO TRAI NI NG

a.

Personnel in charge of UXO renoval /di sposal should be
US citizens and shall have successfully conpleted
training at a United States MIlitary Expl osives
Ordnance Di sposal (EOCD) school. Personnel shall have
docunentation of conpletion [conpleted training] and
have a m ni mum of 18 nonths operati onal EOD experience.
Al'l personnel engaged in operations shall be thoroughly
trained in UXO recognition and expl osives safety
applicable to the operation.

Per sonnel perform ng UXO renoval / di sposal shall have
conpleted training at a US Mlitary EOD school or have
equi val ent training and/ or experience. All other

per sonnel engaged in operations shall be thoroughly
trained in UXO recognition and expl osives safety
applicable to the operation.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C.

Personnel who are not involved in UXO operations, but

requi re access to areas known or suspected to contain

UXCs shall be required to have conpl eted UXO awar eness
training and shall be escorted by personnel qualified

under (a) or (b) above. An UXO Hi gh Expl osives

Awar eness video (EPL 122) is reconmended for the

awar eness trai ning.

5. REFERENCES

a.

Or- 525, Personnel Qualifications, Commanding Oficer,
Naval Expl osive Ordnance Di sposal Technol ogy Divi sion,
2008 Stunp Neck Road, Indian Head, MD 20640-5070

UXO Hi gh Expl osives Awareness video (EPL 122), Sandi a
Nat i onal Laboratories/ New Mexi co Environnent al
Rest orati on Program
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CHAPTER VI
QUANTI TY- DI STANCE AND LEVEL- OF- PROTECTI ON CRI TERI A
FOR EXPLOSI VES ACTI VI TI ES

1.0 GENERAL

This chapter establishes quantity-distance and | evel - of -
protection criteria for all DOE operations involving expl osives.
The purpose of these criteria is to provide specific |evels of
protection fromthe effects of potential fires and expl osions for
personnel and property within and outside of DOE installations.

The cardinal principle to be observed at any | ocation or in any
operation involving expl osives, amrunition, severe fire hazards,
or toxic materials is tolimt, in a manner consistent with safe
and efficient operation, the exposure to a m ni nrum nunber of
personnel, for a mninumtinme, and to a m ni num anount of the
hazar dous nateri al

2.0 APPLICABILITY OF CRITERI A

2.1 Specific Applications

The criteria presented in this chapter shall be applied to the
following activities:

a. est abl i shing maxi mum expl osives linmts for explosives
facilities and operations;

b. pl anni ng expl osives activities to be perfornmed in existing
facilities; and

C. designing and siting new explosives facilities and
operations and siting other facilities and operations in the
expl osi ves ar ea.

2.2 Explosives Limts

When defining working explosives |limts, those limts shall never
exceed the mninumrequired for efficient, safe operation (see
Chapter 111).
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2.3 Areas Wiere Criteria Are Not Applicable

The quantity-di stance and | evel -of -protection criteria in
Section 4 of this chapter are not applicable to portable
bui | di ngs used at specified nuclear test shot |ocations.

3.0 QUANTI TY-DI STANCE CRI TERI A

Quantity-distance criteria nmust account for the types and
severity of hazards presented by each explosive material, the
construction and orientation of facilities to which the criteria
are applied, and the degree of protection desired for facilities
and personnel adjacent to the explosives operations. The hazard
classification systemrecommended by the United Nations

Organi zation (UNO defines types and severities of hazards for
expl osi ves. The qgui delines presented bel ow specify m ni mum
degrees of protection for various categories of facilities.
These gui delines al so describe how the quantity-di stance tables
are to be applied to facilities of various construction and
orientation with respect to adjacent facilities.

3.1 Hazard d asses and O ass Division

Expl osi ves shall be classified on the basis of their reactions to
specific initiating influences. The hazard classification system
recommended by the UNO shall be used for DOE expl osives
classification. The UNO system consists of nine classes for
dangerous goods, with explosives included in Cass 1. The
expl osi ves hazard class is further subdivided into "divisions"

whi chthat- are based on the character and predom nance of the
associ ated hazards and on the potential for causing personnel
casualties or property damage. Table VI-1 lists the six

di visions of Cass |t

When required to properly describe the hazard, a nunerical figure
in parenthesis shall be placed to the Ieft of the division
designators 1.1 through 1.3 [e.g., (18) 1.1, (08) 1.2, and
(06) 1.3]; this—Fhts nunber indicates the m ni mum separation
di stance (in hundreds of feet) for specified |levels of protection
fromexplosive itens for inhabited buildings, public traffic
routes, and personnel in the open. A m ninum di stance nunber
shall be used for all itens in Cass 1, Division 2, as shown in
the applicable tables. Figure VI-1 illustrates the use of the
UNO hazards classification system Also, this figure lists the
storage conpatibility group opposite each hazard class. The
|isted conpatibility group is typical for the expected

Table VI-1. Divisions of Cass 1.
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Hazard C ass and
di vi si on desi gnat ors

Hazar ds

= PEPEEE
o OhWNE

Mass det onat i ngexptostoft

Non-mass expl osi on, fragment producing
Mass fire, mnor blast, or fragnent
Moderate fire, no blast or fragnent
Expl osi ve substance, very insensitive
(wth a

mass expl osi on hazar d)
Expl osive article, extrenely
i nsensitive

—— Minimum distance (feet x 100) to protect against specific hazards®

Current hazards class (explosives)

Division of class®

(18) 1.1 D

(08) 1.2

(o) 1.3 C
1.4 S
1.5
1.6

2 Varies with type of explosive.

PClass divisions:

Compatibility group® (typical)

1.1 Mass explosion

1.2 Non-mass explosion, fragment producing

1.3 Mass fire, minor blast or fragment

1.4 Moderate fire, no blast or fragment

15 Explosive substance, very insensitive (with a mass explosion hazard)
1.6 Explosive article, extremely insensitive

cChapter 11, Section 17.4.

Figure VI-1. Application of Hazard Cl assification System
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conmpatibility to hazard class relationships. Note, however, that
the two classification systens apply to different concerns.

. Conpati bility groupi ngs define which explosives may be
safely stored together wi thout increasing the risk of
initiation.

. Hazard classifications indicate the initiation effects of
t he various expl osi ves.

Classification tests (described by TB 700-2, Explosives Hazard

C assification Procedures) and/or additional tests (as desired),
i ncluding United Nations ST/SG AC. 10/1 and ST/ SE AC/ 10/ 11, shall
be used in the assignnent of energetic materials to the
appropriate conmpatibility group and hazard division. These tests
may be suppl enented by other tests to characterize materi al
hazards nore fully if material properties or anticipated nateri al
environnent are expected to significantly influence the
expl osi ves cl assification.

Though DOT hazard classifications require the use of the Bureau
of Expl osives’ (BOE) |Inpact Apparatus to determ ne inpact
sensitivity, other inpact apparatus may be used, providing:

a. test results for at |east two reference expl osives are
conpared to results for the reference explosives on the BOE
| npact Apparatus; and

b. a mninmnumof ten trials each is run for the reference
expl osi ves and the expl osives being classified.

3.2 Establishing Quantity of Expl osives and Di stances

3.2.1 Gener al

The principles and tables presented in DoD 6055.9-STD, DoD
Ammuni tion and Expl osi ves Safety Standards, shall be used to
determ ne the foll ow ng.

a. The total quantities of explosives in adjacent nagazi nes,
operating buildings, or other explosives facilities that
nmust be applied to quantity-di stance tables.

b. When the | evels of protection required by Section 4 of this
chapter for different types of facilities differ fromthe
requi rements of DoD 6055.9-STD, Section 4 shall take
precedence.
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C. The m ni mum separation distances required for facilities are
based on the desired | evel of protection and total
guantities of explosives.

d. The total quantity of explosives is determ ned by defining
and exam ning the maxi num credi ble event (MCE). If an
expl osi ves event occurs, the maxi mum credi bl e expl osives
event is the largest credi ble anmount of explosives that
could be involved in the event (not necessarily the total
quantity of explosives present).

3.2.2 Use of Metric System

Thr oughout DoD 6055. 9- STD, the net explosive weight (NEW is used
to cal cul ate distance by neans of a formula of the type D = KWY3,
when Dis the distance in feet, Kis a factor depending on the

ri sk assumed or permtted, and Wis the NEWin pounds. Wen
nmetric units are used, the synbol Q denotes net expl osive
quantity (NEQ expressed in kilograms. In the fornula D = KQY3,
the distance Dis exgressed in neters. Thus, the respective
units of Kare ft/1b"® and mkg"?® in the two systenms. The val ue
of Kin English units is approximately 2.5 tines its value in
metric units [e.g., if D(m = 6QY3 then D(ft) = 15W7].

3.2.3 Rai | cars and Transport Vehicles

Expl osi ves-1 oaded rail cars, notor vehicles, or any other
transport vehicles in holding yards are consi dered as aboveground
magazi nes for quantity-di stance purposes. These railcars, notor
vehi cles, or other transport vehicles shall be kept in groups,
and each group shall be limted to a maxi num of 250,000 | b of

hi gh expl osi ves.

a. When a railcar receiving yard or point is provided for the
i nt erchange of cars containing expl osives between the comon
carrier and the facility rail system quantity-distance
provi sions do not apply, provided that the cars are noved
expeditiously to a suitable |ocation.

b. When inspection of a railcar of explosives indicates that it
may be in a hazardous condition, the railcar should be noved
at once to a suspect car spur track or an isolated section
of track. This spur or section of track should be
accessible directly fromthe inspection point. The distance
bet ween the spur or track and facility boundaries,
classification yards, inhabited buildings, adm nistration
areas, operating buildings, nagazines, inert storage
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| ocations, and public traffic routes should be the

I nhabi t ed- bui | di ng di stance, which is based on the maxi num
guantity of explosives that the facility can receive in one
railcar. Only one car is permtted at this |ocation at any

tinme.

C. | ncom ng expl osi ves-1aden notor vehicles shall be inspected
at a station |ocated renotely from hazardous and popul at ed
ar eas.

3.2.4 Utilities Installations

a. Per manent DCE-control |l ed underground utilities installations

(excluding building service lines) should be separated from
expl osives | ocations containing Hazard Class/Division 1.1
materials (see Table VI-2%.). Privately owned or operated
utilities installations (aboveground and underground) shall
be separated from expl osives | ocations by at |east

Table VI-2. Quantity-distance separation for protection of
underground service installations.

Quantity of expl osives Di st ance
( maxi mum pounds) Met er s Feet

100 26 80

200 26 80

500 26 80

1, 000 26 80

2,000 26 80

5, 000 26 80

10, 000 26 80

20, 000 28 85

50, 000 36 110

100, 000 46 140

250, 000 62 190

Note: |If the potential donor building is designed to contain the effects of

an explosion, the forrmula D=3.0 WL/ 3 can be used to determ ne separation
di stances for |less than 20,000 pounds.

public-traffic-route distances. |If these installations
I nclude structures, they should be separated from expl osives
facilities by inhabited-building distance.

b. Certain types of auxiliary power facilities, transforner
stations, etc., present fire hazards to expl osives
facilities. Transforners and associ ated el ectri cal

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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swi t chi ng apparatus serving one explosives facility or
conplex that do not present a fire hazard to the facility

(i.e., dry-type, "less flanmable" oil-insulated, etc.) shal
be | ocated as specified i nby—NPA 70 and FM Dat a
Sheet 5-4/14-18. Normal oil-insulated transformers shall be

| ocated at least 50 ft froman explosives facility or as
specified in DoD 6055. 9- STD.

3.2.5 Pet r ol eum St or age Tanks

Above groundAbeveground tanks containing 500 gal or |ess of
petrol eumthat serve equi pnent (such as oil heaters or diese
generators) located in or near explosives buildings shall be

| ocated a minimumof 50 ft from expl osives | ocations and conply
with NFPA 30. Tanks |ocated near intentional detonation areas
shoul d be barricaded. Simlar underground tanks conplying with
NFPA 30 do not require separation fromexplosives facilities. In
both cases, the tanks shall be equi pped with an anti si phoni ng
device, unless the tank is installed such that siphoning is

I mpossi bl e.

4.0 LEVEL- OF- PROTECTI ON CRI TERI A
4.1 Hazard d asses

The | evel of protection required for any specific expl osives
activity shall be based on the hazard class (accident potential)
for the explosives activity involved. These four hazard cl asses
are defined for explosives activities as foll ows.

a. Class I. Cass | consists of those explosives activities
that involve a high accident potential; any personnel
exposure is unacceptable for Cass | activities, and they
thus require renote operations. |In general, Class | would
i nclude activities where energies that may interface with
the expl osives are approaching the upper safety limts, or
the loss of control of the interfacing energy is likely to
exceed the safety limts for the explosives involved. This
category includes those research and devel opnent activities
where the safety inplications have not been fully
characterized. Exanples of Class | activities are
screeni ng, blending, pressing, extrusion, drilling of holes,
dry machi ni ng, machi ning explosives and netal in
conbi nati on, sone environnental testing, new explosives
devel opnent and processes, —aftet expl osi ves di sposal , and
destructive testing.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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b. Class Il. Cass Il consists of those explosives activities
that involve a noderate accident potential because of the
expl osives type, the condition of the explosives, or the
nature of the operations involved. This category consists
of activities where the accident potential is greater than
for Class Ill, but the exposure of personnel perform ng
contact operations is acceptable. Cass Il includes
activities where the energies that do or may interface with
the explosives are normally well within the safety
boundari es for the explosives involved, but where the | oss
of control of these energies mght approach the safety
limts of the explosives. Exanples of Class Il activities
are wei ghing, some wet machining, assenbly and di sassenbly,
sonmeand—envi ronnental testing, and sone packagi ng
operations.

C. Class Ill. Cdass IlIl consists of those expl osives
activities that represent a | ow acci dent potential.
Class Il includes explosives activities during storage and

operations incidental to storage or renoval from storage.

d. Class IV. (Cdass IV consists of those explosives activities
with I HE or | HE subassenblies. Although mass detonating,
this explosive type is so insensitive that a negligible
probability exists for accidental initiation or transition
fromburning to detonation. |HE explosions will be limted
to pressure ruptures of contalners heated |n a f|re

conststent—wth—bDob60655-9—SFb— Nbst proceSS|ng and storage
activities with IHE and | HE subassenblies are Class IV.
However, the follow ng exanpl es of explosives activities
with IHE and | HE subassenblies will remain C ass |

pr essi ng;

some machining (see Chapter 11, paragraph 12.4.2c);
dry bl endi ng;

dry mlling; and

dry screening.

4.2 Required Level of Protection

Each bay (i.e., storage, handling, or processing buil ding)
housi ng an expl osives activity shall have |evels of protection
that are based on the hazard class determ ned for the activity.
The levels of protection may be acconplished by equi pnment design,

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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structural design, operation separation, or provision of
operational shields. The levels of protection required for each
hazard class are as follows and shall be required for all new
facilities or redesign of any existing facilities where changes
in activities will result in a change to a nore hazardous cl ass.

4.2.1 Expl osi ves Bay

a. Class IV. Bays for Cass IV (negligible probability of
accidental initiation) activities shall provide protection
fromfire hazards effects. This protection may be achi eved
by Hazard C ass/Division 1.3 aboveground-nagazi ne di stance
separation or by a design that contains the effects of an
acci dent. Because accidental detonation is not considered
credible, Cass IV bays shall be sited and designed as
acceptors rather than donors for the effects of blast
overpressure, structural collapse, and m ssiles (hazardous
fragnents).

b. Class Ill. Bays for Cass IlIl (low accident potential)
activities shall provide protection from expl osion
propagati on frombay to bay within buildings and between
bui | dings that are located at intraline or magazine

distance. If internediate storage of explosives is within
an operating building containing Class Il or Cass |
operations, the internedi ate storage or staging bay wl|
require Class Il level of protection. M ninmum separation

di stances may be reduced when expl osi ves bays are desi gned
to adequately contain the effects of an accident (bl ast
pressures and mssiles).

C. Class Il. Bays for Class Il (noderate accident potential)
activities shall, in addition to conplying with the
requirenments for Cass Il bays, provide protection inetude

destgn—to prevent fatalities and severe injury to personnel
in all occupied areas other than the bay of occurrence.

(For the purpose of this Class Il Category, access ranmps and
pl ant roads are not considered occupied areas.) Prevention
of fatalities and severe injuries is satisfied where
personnel in occupied areas other than the bay of occurrence
wi Il not be exposed to the follow ng:—

. Overpressures greater than 100 kPa (15 psigpst) naxi nal
effective pressure.

. Structural collapse resulting fromoverpressure or
debris inmpact —structural collapse is the failure of a

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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structural conponent as a direct result of |oss of
structural integrity of the facility being subjected to
various | oadings (judged in accordance with the ability
of the structure to remain intact so that expl osion
propagation, fatalities, or severe injuries will not
occur).

. M ssi |l es (hazardous fragnents) generated in acceptor-
occupi ed areas—hazardous fragnents that can cause
fatalities and severe injuries are defined as those
havi ng greater than 58 ft-1b inpact energy. These
val ues are taken from Chapter 13;—Seet+on—++H+ of TM 5-
1300Fvb6=1360. The threshold pressure for eardrum
rupture is 34 kPa; one-half of the threshold pressure
for lung damage is 100 kPa.

d. Class |I. Bays for Cass | (high accident potential)
activities shall, in addition to conplying with the
requirements for Class Il bays, provide protection to
prevent serious injuries to all personnel, including
personnel performng the activity, personnel in other
occupi ed areas, and all transient personnel. This
protection may be achi eved by controlling blast and debris
t hrough suppressi on, contai nnent, or establishnent of an
exclusion area with positive access control. Prevention of
serious injuries is satisfied where personnel will not be
exposed to:

. overpressures greater than 34 kPa (5 psi) maxi nal
effective pressure, and should not exceed 16 kPa
(2.3 psi) peak positive incident pressure;

. structural collapse of the building from overpressure
or debris inpact—structural collapse is the failure of
a structural conponent as a direct result of |oss of
structural integrity of the facility being subjected to
various | oadings (judged in accordance with the ability
of the structure to remain intact so that expl osion
propagati on and serious injury to personnel will not
occur);

. m ssi |l es (hazardous fragnents) —hazardous fragnments
that can cause serious injuries are defined as those
havi ng greater than 11 ft-1b inpact energy; and

: This value is specified in DoD 6055.9-STD as required protection for all
personnel exposed to renpte operations (16 kPa is also the overpressure for public-
traffic-route distance).

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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4.2.2 Bays for Joint Expl osives-PlutoniumActivities

Bays for joint explosives-plutoniumactivities shall conply wth
the requirenments of paragraph 4.2.1 of this chapter for the class
of explosives activity involved and DOE DNA TP 20-7. In
addi ti on, because of the potential for plutonium contam nation,
they shall conply with the foll ow ng.

a. Bays for Uncased Expl osives—Pl utonium Activities. Were it
IS necessary to store, handle, or process uncased expl osives
conponents in the sanme bay with plutonium the encl osing
structure and its associated ventilation, electrical, fire
protection, and utility systemshall be designed to
assureenstre that, in the event all the expl osives present
shoul d detonate, radiation exposures shall conply with DOE O
420.1 fromthe standpoi nt of hypothesized acci dent al
rel eases. The quantity of plutoniumallowed in such a bay
wi Il be governed by the safety analysis report. Activities
may be perforned in Cass IV bays if only IHE, |HE
subassenbl i es, or | HE weapons are present; however, the
quantity of plutoniumallowed wll be governed by
criticality considerations.

b. Bays for Cased Expl osives—Pl utonium Activities. \Were it
I's necessary to handl e or process cased hi gh-expl osive
conmponents that contain plutonium the enclosing structure
shal|l be designed as a Class Il explosives bay. Storage
shall conformto Cass Ill requirements. The limt of
pl utonium shall be 25 kg per bay. The plutoniumlimts for
magazi nes are specified in DOE-DNA TP 20-7. Activities may
be perfornmed in Cass IV bays if only IHE, |HE
subassenbl i es, or | HE weapons are present; however, the
quantity of plutoniumallowed wll be governed by
criticality considerations.

5.0 FI RE PROTECTI ON
5.1 Vegetation Control

This value is specified in DoD 6055.9 STD, Chapter 4, paragraph D, as required
protection for all personnel assigned to performrenopte operations.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Veget ati on around storage mmgazi nes and expl osi ves- operati ng
facilities should be controlled to mnimze potential damage to

t he magazine or facility fromgrass, brush, or forest fires, or
fromerosion. A firebreak at least 15 mw de and free from
conbusti ble materi al shoul d be mai ntai ned around each aboveground
magazi ne or facility processing or containing explosives. |If the
aboveground magazi ne or explosive facility exterior is fire
resistant, the firebreak need not be devoid of vegetation, but
the growth nust be controlled by nowing to prevent rapid

transm ssion of fire to the nagazine or facility. The

mai nt enance of firebreaks around earth-covered magazi nes and the
cutting of grass covering these structures are not normal ly

requi red, except around ventilators to prevent transm ssion of a
fire into a structure.

5.2 Fire Protection Criteria

These fire protection criteria shall be required for all new
facilities or for redesign of any existing facilities where

changes in activities will result in a change to a nore hazardous
cl ass.
a. Automatic fire suppression systens shall be installed in

al |
bui | di ngs cont ai ni ng hi gh expl osives and plutonium wth the
exception of storage nagazi nes.

b. For buil di ngs contai ning expl osives, but no plutonium the
need for fire suppression systens shall be determ ned by the
facility nmanagenent, on the basis of maximumfire | oss
criteria and program m ssion interruptions and del ays as
outlined in DOE O 420.1, FACILITY SAFETY; DCE O 430.1, LIFE-
CYCLE ASSET MANAGEMENT; and DOE O 440.1, WORKER PROTECTI ON
MANAGEMENT FOR DOE FEDERAL AND CONTRACTOR EMPLOYEES.

C. Where fire suppression is required, each expl osives bay
shall have an individual feed with its controls protected
outside the bay and | ocated so as to remain operable in the
event of a detonation in any bay.

d. Transmtted fire alarnms shall distinguish between expl osives
and nonexpl osi ves areas through the use of annunci at or
panel s at safe | ocations; small non-high expl osives areas
are exenpt from having separately transmtted al arns.

6.0 EXPLCSIVES FACILITY SI TI NG AND DESI GN CRI TERI A REFERENCES

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Per manent eExpl osives facilities shall conply fully with TM 5-
1300FWvb6=1360, Structures to Resist the Effects of Accidental
Expl osi ons, and DCE/ Tl C- 11268, A MANUAL FOR THE PREDI CTI ON OF
BLAST AND FRAGVENT LOADI NG OF STRUCTURES. Portabl e magazi nes
shoul d be water resistant, fire resistant, theft resistant, and
ventilated. they can be nade of any material that neets these
guidelines. (Portable facilities that conply27 CFR 55. 206,
"Bureau of Al cohol, tobacco and Firearns" (BATF) neet this
criteria.) Portable magazines shall be sited per DoD 6055. 9-STD
as above ground nagazi nes.

Bl ast-resi stant design for personnel and facility protection
shall be based on the TNT equi val ency of the maxi num quantity of
expl osives and propellants. |In accordance with TMb-1300, the TNT
equi val ency shall be increased by 20% for design purposes.

For an unproven facility design, either a validated nodel or
full-scale test is required to ensure structural adequacy unl ess
a high degree of confidence can be provided by cal cul ati ons or
ot her nmeans. The contract adm nistrator (Head of Field

Organi zation) with conpetent engineering review shall concur in
any determ nation regarding test requirenents.

The design of all new facilities, or those with ngjor

nodi fications, shall conformto the DOE expl osives safety

requi rements. For a tabular sunmmary of the types of protective
desi gn established by these criteria, see Table VI-2. Protective
construction design features are specified in TMb-1300 and
DCE/ Tl C- 11268.

St udi es necessary to provide the technical basis for |ocation,
engi neeri ng, design, and operation [under nornmal and potenti al
desi gn basis accident (DBA) conditions] of the buildings shall
follow the stricter of this Manual and DoD 6055.9- STD, DoD
Ammuni ti on and Expl osi ves Safety Standards, for establishing
expl osives quantity-di stance separation.

DoD 6055.9 requires that the m ni num di stance for protection from
hazardous fragnents to facility boundaries, critical facility,

and inhabited structures shall be 1,250 ft for expl osives
gquantities of 101 to 20,000 Ib and 670 ft for 100 I b or |ess of
Hazard C ass/Division 1.1 explosives, unless it can be shown that
there will be no hazardous fragnents or debris at |esser

di stances. The nethods of calculation presented in the

Depart nent of Defense Expl osives Safety Board (DDESB) Technica
Paper No. 13 nay be used to establish a snmaller fragnent
exclusion zone. It is not intended that these m nimum fragnent

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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di stances be applied to operating facilities or dedi cated support
functions within an operating line. For these exposures, the DCE
criteria presented in this Manual, for Cass I, IIl, Ill, or IV
activities with appropriate quantity-di stance separations are the
requi red protection |evels.

In addition to this Manual, the follow ng are resource docunents
for the siting and design of explosives facilities:

. DOE O 420.1, FACILITY SAFETY, 10-13-95, U S. Departnment of
Ener gy, Washi ngton, D.C. 20545.

. DOE O 430.1, LIFE-CYCLE ASSET MANAGEMENT, 8-24-95, Ofice of
Project and Facilities Managenent, U.S. Departnent of
Ener gy, Washington, D.C.  20545.

. 10 CFR 830, Nucl ear Safety Managenent.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
t hrough 5-19-98.
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Table VI-32. Explosives facilities: protective design requirenents by activity
type.
Expl osi on

DCE M 440.1-1 Protection for Expl osi on

Oper at i onal Personnel in Protection for | Control of Hi gh- Level Nor mal

Requi r ement O her Cccupi ed Al'l Personnel Pl ut oni um Protection Prot ection Radi ol ogi cal

for Activity Areas | ncluding (Renot e in Event of | from Natural from Natural |Consideratio
Type of Activity I nvol ved Adj acent Bay Qper ati on) Expl osi on Phenonena Phenonenat ns
Class | Activities?
Expl osi ves X X X X
Only
HE- Pu Cased
He- Pu Uncased
Class Il Activities
Expl osi ves X X X
only
HE- Pu Cased X X
HE- Pu Uncased X X X X X
Class |1l Activities
Expl osi ves X X
Only
HE- Pu Cased NOT

PERM TTED
HE- Pu Uncased NOT
PERM TTED

Class |V Activities
Expl osi ves X2 X
Only
HE- Pu Cased X X X
HE- Pu Uncased X2 X X
Support Area X X

C ass |

These facilities need only be designed to provide
activities with elther cased or uncased H
are justified from a nucl ear

I}:g_r

Pu are not pernitted,

NUCLEAR EXPLCOSI VE AND WEAPON SAFETY PROGRAM 10- 10- 90.

otection acceptable with normal DCE | oss criteria.
except where such activities
expl osives safety study perforned in accordance with DOE O 5610. 10,

N
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TM 5- 1300Fvb=13660, NAVFAC P- 397, AFM 88-22, Structures to
Resi st the Effects of Accidental Explosions, Departnents of
the Arny, the Navy, and the Air Force, Chairman, Departnent
of Defense Expl osives Safety Board, 2461 Ei senhower Avenue,
Al exandria, VA 22331.

DCE/ Tl C- 11268, A MANUAL FOR THE PREDI CTI ON OF BLAST AND
FRAGVENT LOADI NG OF STRUCTURES, U.S. Departnent of Energy,

Al buquer que Operations, Amarillo Area Ofice, Facilities and
Mai nt enance Branch, P.QO Box 30030, Amarillo, TX 79120.

DoD 6055. 9- STD, DoD Ammuni tion and Expl osi ves Safety

St andards, Assistant Secretary of Defense (Manpower,
Instal l ati ons, and Logistics), Chairmn, Departnent of
Def ense Expl osives Safety Board, 2461 Ei senhower Avenue,
Al exandria, VA 22331.

DDESB, Technical Paper No. 13, "Prediction of Building
Debris for Quantity—Di stance Siting," April 1991, Chairnan,
Depart nent of Defense Expl osives Safety Board,

2461 Ei senhower Avenue, Al exandria, VA 22331

AMC- R- 385- 100, AMC Safety Manual , Headquarters, United
States Arny Materiel Conmand, 5001 Ei senhower Avenue,
Al exandria, VA 22333.

TR-828, Bl ast Environnent from Fully and Partially Vented
Expl osions in Cubicles, W A. Keenan and J. E. Tancreto,
Cvil Engineering Laboratory, Naval Construction Battalion
Center, Port Huenenme, CA 93043.

AD 411445, |[Industrial Engineering Study to Establish Safety
Design Criteria for Use in Engineering of Explosives
Facilities and (perations, Process Engineering Branch, APMED
Picatinny Arsenal, Dover, NJ; Defense Technical |nformation
Center, Defense Logistics Agency, Caneron Station,

Al exandria, VA 22314.

AFW.- TR- 74- 102, The Air Force Manual for Design and Anal ysis
of Hardened Structures, Air Force Wapons Laboratory, Air
Force Systens Command, Kirtland Air Force Base, NM 87117,

AD B004152, Defense Technical Information Center, Defense
Logi stics Agency, Canmeron Station, Alexandria, VA 22314.

HNDM 1110- 01- 2, Suppressive Shields, Structural Design and
Anal ysi s Handbook, U.S. Arny Corps of Engineers, Huntsville
Di vision, HNDED-CS, P.O Box 1600, Huntsville, AL 35807.
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CHAPTER VI |
OPERATI NG PROCEDURES

1.0 GENERAL

1.1 Requirenents

This section establishes requirenments for preparing and
controlling all procedures used for operations involving

expl osives at DCE installations. These requirenments for
procedures mnim ze the chances of an incident resulting from
operations using outdated, inapplicable, or inconplete
procedures, or from operations perfornmed in violation of
establ i shed practi ces.

This section also specifies that procedures nmust be generated for
al |l expl osives operations because the step-by-step reasoni ng

process that is used in devel oping the procedure will identify
many safety-related problem areas that m ght be overl ooked
otherwise. 1In addition, the approval systemfor new or revised

procedures provides other viewpoints and know edge that may not
be available to the originator and nmay need to be incorporated
into the procedure.

1.2 Types of Procedures

Two general types of operating procedures are described in this
chapter: (1) standard operating procedures (SOPs) and

(2) nonstandard procedures, which include experinental and
speci al procedures. Standard Operating ProceduresSEPs are
formali zed docunents prepared for performance of a task on a
routine basis. Existing and applicable Departnent of Defense
(DoD) ordnance publications (see Section 3.0 for references) w ||
be reviewed for applicatin of unexpl oded ordnance (UXO work.
Revi sions to these docunents will invalidate the DoD procudures.
I f the docunents are not appropriate for the situation, then
changes nmay be made, subject to the [DCE] review and approval
process. Experinmental and special procedures are docunents
prepared for performance of a task on a limted basis. For the
pur pose of this manual Manuat, speci al procedures are those
witten to correct a problemencountered in an

expl osi veexptostves operation

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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2.0 QGU DELI NES

The foll ow ng general guidelines should be used in creating
operating procedures.

2.1 Before Operation

a. Before starting any operation invol ving expl osives a hazard
or risk analysis shall be undertaken to identify any
abnormal problenms that will require special training,

equi pnent, or procedures to safeguard personnel conducting
t he operati on.

b. A thorough review shall be conducted to determ ne whet her
the operation will require a safety analysis report
according to the current version of DOE O 5481. 1B, SAFETY
ANALYSI S AND REVI EW SYSTEM which will establish if the
operation is safe to field. For UXO cl eanups, a Safety
Anal ysis Report (SAR) is not required. |In case of non-
standard cl eanups, such as nass burial or radiation
contam nation, a Safety Assessnent (SA) is required, along
wi th SOPs/ speci al procedures which include the additiona
precautions to be taken.

C. General operating procedures shall be witten and approved
for each activity to ensure consistency and safety of
oper ati ons.

2.2 Supervisory Responsibility

Supervi sory personnel shall be responsible for enforcenment of the
provi sions of all procedures that are used in their jurisdiction.

2.3 Preparation

a. Procedures shall be prepared by responsi bl e personnel with
know edge of the operations involved.

b. Al'l material in the procedure and operational steps called
out shall be checked for conpliance with the guidance in
this Manual and other DOE directives that nmay be applicable
per DOE O 440. 1.

C. The specific types of equi pnment and building or area in
whi ch the operation is to be conducted shoul d be designated
i n the procedure, when applicable.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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d.

2.

4

If simlar operations in the same area involve differences
in equi pnent or process, supplenmental procedures or sections
shall be witten.

roval

Al'l new or revised operating procedures shall be revi ewed
and approved prior to use. Levels of approval required
shoul d be based on the inherent risk in the operation and be
establ i shed by each operating contractor. Review and
approval requirements shall include, as a mninum 1|ine and
safety organi zati ons.

Work control processes shall be in place prior to any
operational activities.

Cont r ol

Di stribution of procedures shall be controlled to ensure
that each operating area has the nost current revision
Super seded or inactive procedures shall be renoved from
operating areas. No operation shall be perfornmed with a
super seded, inactive, or unapproved procedure.

Files of active procedures should be naintained.
Audi t s

An audit system should be established that will evaluate
routinely the adequacy, availability, and currency of
procedures. Also, audits should include an eval uati on of
operator know edge and conpliance with procedures.

Groups conducting the audits should include personnel from
ot her than the operating departnent or division using the
procedur e.

Revi ews

Al'l active procedures should be reviewed a m ni mum of once a
year by the appropriate departnents.

If the procedure is no | onger conpletely applicable to the
operation or if new safety considerations

(1.e., conpatibility, toxicity, ignition sources, etc.) have
been identified, the procedure shall be revised.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C. If a procedure is not expected to be used during the com ng
year, it may be placed in an inactive procedure file.

d. Before an inactive procedure can be reactivated, it shall be
revi ewed and approved. M ni mum approval shall be the same
as that required for a new or revised procedure (see
Section 2.4).

2.8 Content of SOPs

The follow ng presentation is intended to specify procedures
content, not format or organization. Each operating contractor
can develop its own systemfor preparing safety procedures.

2.8.1 General Operating Procedures

a. I ntroduction. The introduction to the procedure should
i ncl ude the foll ow ng:

. a statenent of the scope of the procedure, defining
what facilities and equi pnent are cover ed;

. t he nanme of the departnent and/or individua
responsi bl e for the operation; and

. i f the procedure serves as the basis for an exenption
or waiver fromthe requirenents of this Manual, a
statenment to this effect and a specific reference to
t he standard invol ved.

b. Safety and Health. The safety section of the procedure
shoul d present the following information or reference a
safety manual that specifies the requirenents.

. General safety rules to be observed and techniques to
be applied that will ensure safety of operations,
prevent injury or illness to personnel, and prevent
damage to equipnment. In particular, this section of

t he SOP shoul d descri be the personnel control features
of the facility that protect personnel from exposure to
hazar dous operations, toxic materials, or tests.

. Per sonnel nunber and expl osive weight limts.

. Addi tional or specific emergency controls not addressed
by the facility emergency plan.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C.

2.

Qperations. The operations section should consist of
general directions for operation of all major itens of

expl osi ves-handl i ng equi pnent. Particul ar enphasis shoul d
be placed on safety interlocks and controls, and the proper
use of these systens.

| f operation of a particular itemof equipnment or of an area
requi res that no other operation be perfornmed simultaneously
in this sane work area, this requirenent shall be clearly
stated in the procedure.

Unit Operating Procedures

I ntroduction. The procedure introduction should include the
foll ow ng:
. a statenent of the nature of the operation and its

obj ecti ves;

. the name of the departnent responsible for the
operation and the procedure;

. a description of the range of work authorized by the
procedure; and

. i f the procedure serves as the basis for an exenption
or waiver fromthe standards of this Manual, a
statenment to this effect and a specific reference to
t he standard invol ved.

Materials and Equi pnent. The material s and equi pment
section should present the follow ng infornmation:

. all significant tools, supplies, chem cals, and
equi pnment necessary to performthe operation should be
listed in the SOP or in a separate required docunent;

. speci fications for approved chem cals, supplies,
tooling, and equi prent shoul d be referenced where
applicable; and

. an explanation of any specific hazard involved in the
handl i ng of chem cals or explosives for the operation,
or a reference to a docunent that describes the hazards
shoul d be i ncl uded.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C. Safety. The safety section should present the foll ow ng
i nformation or reference a safety manual that specifies the
requirements:

. safety rules that are specific to the operation;

. protective equi pnent that nust be used during the
operation; and

. energency controls applicable to the operation that are
not considered in the general operating procedures.

d. Operations. The operations section should consist of
sequential directions witten or pictured in clear, concise
steps that describe howto performa particul ar operation.
If a particular operation requires that no other operation
be performed simultaneously in the same work area, this
requi renment shall be clearly stated in the procedure.

2.9 Content of Special or Experinental Procedures

In addition to the applicable requirenents listed in paragraph
2.8 of this chapter, the follow ng shall also be addressed.

a. Field operations that, due to their rempteness, will have to
factor in procedures to ensure that both fire and nedi cal
energency services wll be responsive within a reasonabl e

time or be staged at the event site.

b. Per sonnel involved with the operation shall be briefed or
trai ned on any uni que aspects of the operation and emergency
procedur es.

When a special or experinental operation will be conducted a
number of times, an SOP should be witten and approved.

2.10 Reference Documents

The follow ng docunents set forth sonme of the non-DOE procedures
to be used in UXO operations.

. 60-series publications, Conmandi ng O ficer, Naval Explosive
Ordnance Di sposal Technol ogy Division, 2008 Stunp Neck Road,
I ndi an Head, MD, 20640-5070

. CE CX Interim Guidance, US Arny Corps of Engineers,
Huntsville Center, P.O Box 1600, Huntsville, AL, 35807-4301

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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CHAPTER VI |
FORMULATI ON SCALEUP

1.0 EXPLOSI VES DEVELOPMENT PROGRAM

1.1 Expl osives Devel opnent Comnittee

A conmttee shall be established at each DCE facility engaged in
expl osi ves devel opnent to be the approving authority for each
phase of an expl osi ves devel opnent program This comrmttee will
be referred to in this Manual as the Expl osives Devel opnent
Conmttee (EDC), but it may have a different nane at each DCE
facility. Individuals chosen to serve on the EDC shoul d have
consi derabl e experience in expl osives handling, processing,

chem stry, sensitivity, and safety.

1.2 Phase-by-Phase Approval s

The EDC shall review and approve data generated in each phase of
a devel opnent project that involves a new expl osive or new
expl osive formul ati on before the next phase begins.

1.3 Mdified Fornul ati ons

Conposi tional nodifications to previously eval uated expl osive
formul ati ons shall be approved by the EDC. However, the EDC may
approve mnor nodifications to the explosives fornulation for a
gi ven phase of devel opment w thout requiring all of the

devel opnental steps and tests.

1.4 Sensitivity Data from Anot her Laboratory

I f conparable sensitivity data for the subject material are
avai l abl e from another | aboratory, the EDC may wai ve sone
devel opnent al phase tests.

2.0 DEVELOPMENT PROCEDURES
2.1 General

Al'l DOE explosives handling facilities shall establish an

adm ni strative procedure that defines the basic steps for
devel opi ng and eval uati ng new expl osi ves and expl osi ve
formul ati ons. The procedure shall require that each devel opnent
effort proceed in phases fromsmall to |large quantities. The
guantities of materials that may be handl ed in each phase shal

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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be limted. The EDC shall be responsible for establishing
criteria for acceptabl e expl osive behavior in each test of each
phase of the expl osives devel opnment procedure. The devel opnent
procedure shoul d consist of three phases plus a synthesis phase
and conpatibility testing, when required. Cuidelines for
establishing this procedure are proposed in the follow ng
paragraphs. Table VIII1-1 sumrari zes these gui delines.

2.2 Synthesis Phase

Before m xing a new explosive with other materials, the
sensitivity and stability of the expl osive should be determ ned
and should comply with the criteria set by the EDC. Reconmmended
tests include the follow ng:

a. dr op- wei ght i npact;

b. friction;
C. spark;
d. thermal stability (these tests should include two or nore of
the foll ow ng):
. differential thermal analysis or differential scanning
calorinetry;
. thermal gravinetric anal ysis;
. gas evolution rate at el evated tenperature (chemn cal

reactivity test, vacuumstability, etc.); and
. ti me-to-expl osi on anal ysis.

2.3 Conpatibility Testing

a. | f a proposed fornul ati on contains new ingredients
(expl osi ve or nonexpl osive), the new ingredients should be
tested for conpatibility with the other ingredients before
preparing batches for Phase

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Table VI11-1. Scal eup procedure guidelines for new expl osi ves and

formul ati ons.

Quantity of
new Addi ti ona
mat eri al Recommended dat a® Dat a desired reconmendat i ons
Synt hesi s
Specified by | rpact, friction, Bef ore using the -
the | ab spark, thernal new i ngredient in a
perform ng the stability formul ati on
synt hesi s
Formul ati on
Compatibility Thermal compatibility Before proceeding Mat eri al s shoul d
testing: of new ingredient with to Phase | be processed
ot her ingredients of renotely
29 formul ati on
Phase |
10 g I npact, friction, Bef ore nonrenot e Material s should
thermal stability processi ng and be processed
handling in Phase | remptely before
or scaleup to passi ng
Phase 11 sensitivity and
stability tests
Phase 11
b ... ¢ d e
500 ¢ Conpatibility,
i npact, friction
spark, thermal
stability, thermal
characterization
bef ore el evated
tenperature pressing
Phase |11
Speci fied by Compatibility, high- Bef ore Phase |11 Composi tion of
EDC speed machi ning, drop nmachining or fornul ati on shal

skid handling of billets

7 kg or greater

be fixed

& Quantities and recommended data apply to both new fornul ati ons and expl osi ve ingredients.
® The EDC may all ow nore than 500 g in Phase || when larger quantities are needed for some

tests.

¢ Conpatibility of explosives and fornulations with materials contacting the explosives in test
and production assenblies.

(1
(2)

Before proceeding to Phase |11
The fornulation to be scaled up to Phase |11
The expl osive or formulation prepared for Phase |1

if:

different fromthose used in Phase I.

Before proceeding to Phase |1,

conmposition is no longer within the limts specified by the EDC
¢ Mterials investigated in this phase should be produced by techniques sinmilar to those that

Wil

be used to produce | arger batches in a subsequent phase.

differs fromthat tested in Phase |,
devel opnment is produced by techni ques

or

if the conposition of a fornulation is nmodified so that the

Redl i ned text
t hrough 5-19-98
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testing. Conpatibility tests should include any of the
stability tests |listed under paragraph 2.2d of this chapter.

b. No nore than 2 g of the new fornul ati on shoul d beby
prepared, handl ed, or stored before conpatibility testing.

C. Formul ations for conpatibility testing should be processed
renotel y, whenever possible.

2.4 Phase | —Prelimnary Expl osives Testing

a. The total quantity of nmaterial that may be processed,
handl ed, or stored at any one tinme in Phase | should not
exceed 10 g. Wenever possible, this material should be
processed renotely.

b. The new expl osive or formulation should be subjected to
sensitivity and stability tests. As a mninmum drop-weight
i mpact, friction, spark sensitivity, and thermal stability
tests should be run. Thermal stability testing need not be
perforned here if one or nore of the conpatibility tests
| i sted under paragraph 2.2d of this chapter have already
been conducted on the new fornul ati on.

C. I f the new explosive or fornulation is acceptable in the
above tests, it may be scaled up to Phase Il. The EDC nmay
i mpose handling or processing restrictions or precautions on
the material if its performance in any of the above tests is
guesti onabl e.

d. After Phase | testing of a forrmulation is conplete, the EDC
shoul d define, on the basis of the test results, what
variations in conposition are perm ssible during Phase I
devel opnent wi t hout retesting.

2.5 Phase Il —Experinental Characterization and Devel opnent
a. The total quantity of materials that nmay be processed or
handl ed at any one tine in Phase Il should not exceed 500 g.

No limt exists on the quantity that may be stored, other
than the storage facility limts for Goup L expl osives.

b. Materials investigated in Phase |l should be produced by
techniques simlar to those that will be used to produce
| arger batches in a subsequent scal eup phase.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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C. A thermal characterization test and eval uati on should be run
before pressing the new material at el evated tenperature.

d. The Phase | sensitivity and stability tests should be rerun

in Phase Il if the follow ng conditions apply.

. The fornulation to be scaled up to Phase Il differs
fromthat tested in Phase |I. In this case, testing
shoul d be conpl eted before Phase 11 scal eup.

. The explosive or formulation prepared for Phase I
devel opnent is produced by techniques different than
those used in Phase |I. Testing should be conpleted
bef ore Phase Il scal eup

. During Phase Il, the conposition of a formulation is
nodified to an extent that the conposition is no | onger
wthinthe limts specified by the EDC (see
paragraph 2.4d of this chapter). Testing should be
conpl et ed before proceeding with Phase 11

. The conpatibility of explosives and formulations with
materials that contact the explosives in test and
producti on devices shall be eval uated before any such
device is assenbled. If conpatibility testing is
requi red, one or nore of the tests |isted under
paragraph 2.2d of this chapter should be reconmended.

2.6 Phase Ill—Full-Scale Testing and Production

a. The maxi mum quantity of materials that may be processed or
handl ed in Phase |11l should be defined in the EDC s grant of
aut hori zation to proceed with Phase Ill. No limt is

I nposed for the storage facilities except the limts inposed

by the quantity-di stance tables.

b. Al'l additional testing necessary to define storage
conpatibility grouping should be conpleted before commtting

bul k quantities of the material to storage (see Chapter 11

Section 17.4).

C. During Phase |11 devel opnent, the conposition of all
formul ati ons shoul d be fixed.
d. Any new expl osive material that is to be contact nmachi ned

shall be subjected to a nmachining overtest. Reaction
t hreshol d should be determined if possible.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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e. If billets of 7 kg or greater are to be produced in
Phase |11, drop-skid testing should be perfornmed and EDC

criteria for this test should be net.

f. Par agraph 2.5e of this chapter should also apply to
Phase |11 devel opnent.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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CHAPTER | X
I NSENSI TI VE H GH EXPLOSI VES QUALI FI CATI ON

1.0 [INSENSITIVE H GH EXPLCSI VES (| HE)

Sonme expl osi ve substances, although nass detonating, are so
i nsensitive that there is negligible probability of accidental
initiation or transition fromburning to detonation. Any
expl osive that is a candidate for classification as an | HE shal
be subjected to the DOE qualification tests listed in Table I X-1
or Recommendati ons on the Transport of Hazardous Goods - Test
Series 7. Test procedures, where not specified, are contained in
VHSMP- 84- 22, IHE Material Qualification Tests, Description and
Criteria. Test data for each explosive requested for this
classification will be submtted by the DCE | aboratory or
contractor through the appropriate Operations Ofice to DCE
Headquarters O fice of Wrker Safety and Health (EH 5) Fretd

. The DOE Expl osives Safety Conmittee will
I ndependently anal yze the data and reconmend action on including
the explosive in Table |1 X-2 as an approved | HE

New candi dat e expl osives formulations will not be classified by
anal ogy as IHE until reviewed by the DCE Expl osives Safety
Conmttee. The general guidelines for requesting and obtaining
an | HE approval by analogy are |listed bel ow

. Al'l requests, including rationale, nust be submtted in
witing to the DOE Expl osives Safety Comrittee for their
anal ysi s and recomended acti on.

. Approved IHE(s) with conplete test data nust be used for
basel i ne conpari son purposes.

More specific guidelines will depend on circunstances surroundi ng
the specific anal ogy request.

In many instances a partial anal ogy can be drawn, necessitating
only partial testing. This will depend on the type and extent of
change in the candidate IHE relative to the baseline | HE and the
potential effects of these changes on specific initiation
mechani sns (shock, thernmal, nmechanical, inpact,

el ectrostatic, etc.). A candidate |IHE can be placed in one of
the follow ng categories to define the tests required for
approval .

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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. Case | (partial testing required). The candi date |IHE
formul ation involves substitution of the inert binder
conmponent of the approved baseline |HE with a new inert
bi nder conponent. Sufficient testing is required to verify
that no chem cal inconpatibilities have been introduced that
woul d destabilize the base IHE. In this case, test data
normal | y generated by the requesting facility during their
expl osi ve devel opnent scal eup phasi ng process may be
subm tted for approval consideration in lieu of the
qualification tests of Table I X-1. During this devel opnent
phase, each facility EDC may dictate restrictions consistent
with an HE internal to their facility only. Final approva
as an | HE nmust be obtai ned through the DOE Expl osi ves Safety
Commttee. Tests 1, 2, 3, and 7 of Table I X-1 or equival ent
are required as a mni mum

. Case Il (all IHE tests of Table |IX-1 required; anal ogy
I nappropriate). The candidate | HE involves the addition of
an untested (I HE tests) energetic conponent to the approved
basel i ne | HE.

O:

The candidate I HE invol ves the sane energetic and inert
conponents as the approved baseline IHE, the only change being a
vol une-% i ncrease in the energetic conponent content.
Any data over and above that required in Table I X-1 will be
consi dered by the DOE Expl osives Safety Conmittee in its
del i berations of the approval request.

2.0 | HE SUBASSEMBLI ES

| HE subassenblies are conposed of | HE heni spheres or spheres with
booster charges, with or without detonators. Successful

conpl etion of the applicable DOE qualification tests listed in
Table I X-3 is required for classification as an | HE subassenbl y.
A test plan (defining specific test procedures) for candi dates
for this classification shall be submtted by the DOE contractor
t hrough the appropriate Operations Ofice to the DCE Expl osi ves
Safety Committee for review. On approval of the plan, tests
shall be run and the DOE Expl osives Safety Conmttee shal

i ndependent |y anal yze the data and recommend approval or

di sapproval. DOCE Headquarters will then issue a nenorandumto
appropriate Operations O fices and DOE Contractors classifying
those configurations neeting the required test criteria as | HE
subassenbl i es. Approved | HE subassenblies are listed in

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Table | X-4. Subassenblies will not be classified as | HE
subassenbl i es by analogy until reviewed by the DOE Expl osives
Safety Committee. \When no ot her explosives are present in the
same | ocation, these subassenblies are classified as Cass 1.3
expl osi ves (see Table | X-5) for storage; and processi ngr—and

transpotrtation—purposes.
3.0 | HE WEAPONS

| HE weapons are those weapons listed in DOE-DNA TP 20-7 that are
exenpt from storage and transportation l[imts when stored or
transported alone or in conbination with each other. This
classification is valid only if the spaci ng between individual
units is that provided by storage containers, or if out of

contai ners, by the spacing specified in TP 20-7. These weapons
are classified as Cass 1.3 explosives for storage, processing,
and transportati on purposes.

4.0 REFERENCE DOCUMENTS

The foll owi ng docunments set forth sone of the non-DOE procedures
to be used in the I HE and | HE subassenbly testing required by
Tables I X-1 and | X- 3:

. TB 700- 2, NAVSEA | NST 8020.8A, TO 11A-1-47, DLAR 8220.1
Depart ment of Defense Anmunition—and—Expl osi ves Hazard
d assification Procedures, Departnents of the Arny, the
Navy, the Air Force, and the Defense Logistics Agency,
Washi ngt on, D.C

. VHSMP- 84- 22, | HE Material Qualification Tests, Description
and Criteria (Rev. 1, July 1985), National Technica
Information Service, U S. Departnent of Commerce, 5285 Port
Royal Road, Springfield, VA 22161.

. Reconmendat i ons on the Transport of Hazardous (Goods Tests
and Criteria, Second Edition, ST/SE AC.10/11 Rev.1
LABELMASTER, Chicago, IL, 60646 USA.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Table I X-1. DCE qualification tests for |HE
1. Dr op-wei ght i npact Conparabl e to or |less sensitive than
test? Expl osi ve D (ammoni um picrate). M ninmum
of 20 drops per test series.

2. Friction test® No reaction on Pantex friction machi ne
(10 trials).

3. Spark test? No reaction at mininmmof 0.25 joules
(10 trials).

4. I gnition and TB 700-2 test procedures, any shape,

unconfi ned burni ng m ni numthernmal path of 25 mMm no
test (small-scale expl osi on
bur n)

5. Card gap test® No reaction at Explosive D 50% gap
t hi ckness (or |ess) using a Pantex
nodi fied NOL card gap test (6 trials).
The test diameter nust be greater than
the unconfined failure (critical)

di ameter of the candi date | HE

6. Detonation (cap) test TB 700-2 test procedures-no detonation
(5 trials).

7. Cookof f No reaction of nore than a pressure
rel ease using the |arge-scale ODTX test
conducted such that a reaction nust
occur in not less than 4 hours
(6 trials).

8. Spi got test® No reaction for 120-ft drop in LANL test
(3 trials).

9. Skid test® No reaction up to 20-ft (or sanple
failure) drop at 14-15 degrees test
angl e using standard size billets
(3 trials at worst-case condition).

10. Susan t est Less than or equal to 10% TNT out put at
a mnimmof 333 msec (3 trials).

11. Bul I et i npact No violent reaction with 5.56 mm and
.50 cal. projectile inpact on materi al

in schedule 40 steel pipe with closures
on each end (6 trials in axial
orientation).

# These tests are not applicable to compacted explosives.
® These tests are not applicable for explosives powders.

Redl i ned t ext
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Table I X-2. Approved | HEs.

TATB
TATB/ Kel - F Fornul ati ons

Table 1 X-3. DOCE qualification tests for | HE subassenblies.?

1. Spi got test No burning or violent reaction of main charge
of 120-ft drop on booster in LANL test
(3 trials).

2. Bonfire No detonation or violent reaction of main
charge when engulfed in a fire (3 trials).

3. Sl ow cookof f No detonation or violent reaction of main
charge when slowly heated to a reaction
(3 trials).

4, Mul tiple bullet No detonation or violent reaction of main

i npact charge with a 3-round burst of 7.62 mm

projectile inpact on booster (3 trials).

5. Skid test No burning or violent reaction of main charge

up to a 20-ft (or sanple failure) drop at 14
to 15 degrees test angle using subassenbly
configuration nodified for inpact on the
booster (3 trials at worst-case condition).

a Tests are not required for subassenblies when nmain charge and booster charge
expl osi ves have been qualified as IHE by tests in Table | X-1.
Not e: The test plan shall specify applicable testing for cased and/ or uncased

configurations with or wi thout detonators.

Table 1 X-4. Approved | HE subassenblies.

B61°3/ 4/ 6/ 7/ 8/ 10/ 11 W80? w81? B83¢
V84 87 V89 W85*

@ Approval limited to boosters of the size tested or smaller. Any redesign that dimensionally increases the booster size
requires resubmission of an experimental plan and additional testing as another IHE subassembly.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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Table I X-5. | HE hazard cl assification.
| HE al one 1.3
| HE at mmgazi ne di stance or greater fromCass 1.1 1.3
| HE at mmgazi ne di stance or greater fromdass 1.2 1.3
IHE with 1.1 itens 1.1
IHE with 1.2 itens see Note 211
IHE with other 1.3 itens 1.3
IHE with 1.4 itens 1.3
| HE at | ess than nmagazine distance fromCass 1.1 1.1
| HE at | ess than nagazi ne distance fromCass 1.2 see Note 2%%
Note 1: | HE may be stored with nock high explosives w thout regard to the
quantity of nock high expl osives.
Not e 2: 1.2 or 1.3, whichever is nobst restrictive.

Redlined text is from Pantex version of DOE M 440.1-1 with approved changes
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